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5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS 

5.1 Summary Description 
 
5.1.1 Technical Evaluation 
 
The summary description of the “Reactor Coolant System and Connected Systems,” of the 
AP1000 reactor coolant system (RCS) and connected systems, as well as their design bases, 
were evaluated by the staff of the U.S. Nuclear Regulatory Commission (NRC) in NUREG-
1793.  Conforming changes to this section have been included in the revisions to the Design 
Control Document (DCD) to reflect the design and bases changes to the reactor coolant pump 
(RCP), steam generators (SG), pressurizer, and normal residual heat removal system (RNS) 
designs that are discussed in Sections 5.4.1, 5.4.2, 5.4.5, and 5.4.7, respectively, as well as 
other DCD changes addressed in this chapter. 
 
In Section 5.1 of Revision 17 to the DCD, the Westinghouse Electric Company (Westinghouse 
or the applicant) modified Figure 5.1-5, “Reactor Coolant System Piping and Instrumentation 
Diagram” (Sheet 1 of 3).  The applicant stated that Figure 5.1-5 was modified by relocating the 
Loop 1 narrow-range and diverse actuation system (DAS) resistance temperature detector 
(RTD) upstream of the pressurizer surge nozzle, and by relocating the wide-range RTD 
upstream of the passive residual heat removal (PRHR) nozzle. 
 
Westinghouse explained that the present Loop 1 location of the narrow-range device is a 
problem because pressurizer outsurges will cause erroneously high signals for some of the 
T-hot channels.  The faster the RCS temperature is decreasing, the larger the resulting outsurge 
will be, and the higher the indicated Loop 1 temperature.  Westinghouse concluded the most 
appropriate of several solutions is to relocate the narrow-range device upstream of the 
pressurizer surge nozzle.  The NRC staff agrees that the relocation of these RTDs would 
alleviate the influence of pressurizer outsurge and finds this to be acceptable. 
 
In addition, AP1000 post-accident monitoring requirements also require that both wide-range 
T-hot RTDs be located at the top of the hot legs in order to detect voids.  DCD Table 7.5-1, 
“Post-Accident Monitoring System,” specifies two RCS wide-range T-hot measurements and 
one PRHR heat exchanger inlet temperature measurement.  Therefore, the wide-range 
protection and safety monitoring system (PMS) hot leg RTD (TE-135A) needs to be relocated 
upstream of the PRHR nozzle to validate PRHR post-accident monitoring requirements.  This 
location would also provide the desired direct post-accident reactor outlet temperature and 
PRHR inlet temperature.  In conjunction with the Loop 2 hot leg wide-range RTD (TE-135B), the 
relocation of TE-135A satisfies the need for two wide-range T-hot and one PRHR inlet 
temperature for post-accident monitoring.  In addition, the post-accident monitoring 
requirements also specify that both wide-range T-hot RTDs be located at the top of the hot leg 
in order to detect voids.  Therefore, Note 24 is added to Figure 5.1-5 to specify that the thermal 
wells for the Loop 1 and Loop 2 wide-range RTDs (TE-135A and TE-135B) be located at the 
upper half of the hot leg.  The NRC staff finds this to be acceptable. 
 
The information above was provided by the applicant in draft format but was not formally 
submitted to the NRC staff.  The staff identified this issue as Confirmatory Item (CI)-SRP5.4.7-
SRSB-04.  In a letter dated May 28, 2009, Westinghouse documented the details related to 
relocating the narrow-range and wide-range RTDs as discussed above.  The staff considers 
CI-SRP5.4.7-SRSB-04 resolved.  
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5.1.2 Conclusion 
 
The staff has reviewed DCD Revision 17 regarding the proposed changes to Section 5.1, 
“Summary Description.”  Based on the evaluation described above, the staff concludes that the 
proposed changes to AP1000 DCD Figure 5.1-5 (Sheet 1 of 3) are acceptable pursuant to 
10 CFR 52.63(a)(1)(vii) on the basis that they contribute to the increased standardization of the 
certification information. 
 
5.2 Integrity of Reactor Coolant Pressure Boundary 
 
5.2.1 Compliance with Codes and Code Cases 
 
The staff of the NRC approved Section 5.2.1.1, “Applicable Code Cases,” of the AP1000 DCD, 
Revision 15, in the certified design.  In AP1000 DCD, Revision 17, Westinghouse has proposed 
to make the following changes to Section 5.2.1 of the certified design: 
 
5.2.1.1 Compliance With 10 CFR 50.55a 

 
The staff of the NRC approved Section 5.2.1.1, “Compliance With 10 CFR 50.55a,” of the 
AP1000 DCD, Revision 15, in the certified design.  In AP1000 DCD, Revision 17, Westinghouse 
has proposed to make the following changes to Section 5.2.1.1 of the certified design: 

 
AP1000 DCD Tier 2, Section 5.2.1.1, "Code Compliance with 10 CFR 50.55a," uses the 
baseline code of the 1998 Edition throughout and including the 2000 Addenda for evaluations of 
the safety analysis and the AP1000 Design Certification, except for 1989 Edition, 1989 Addenda 
for Articles NB-3200, NB-3600, NC-3600, and ND-3600 related to piping design.  By letter dated 
January 28, 2009, Westinghouse proposed changes to AP1000 DCD Tier 2, Section 5.2.1.1 to 
use 1989 Edition, 1989 Addenda for Articles NB-3210, NB-3620, NB-3650, NC-3620, NC-
3650,ND-3620 and ND-3650. These proposed limitations represent only portions of Articles NB-
3200, NB-3600, NC-3600, and ND-3600 disallowed by 10 CFR 50.55a(b)(1)(iii) for seismic 
design of piping.  In RAI-SRP5.2.1-EMB-03, the staff requested Westinghouse to confirm 
whether AP1000 piping design utilized the 1998 Edition, 2000 Addenda Article NB-3220 for the 
piping design.  The staff also requested the applicant to explain how the proposed changes 
would meet the requirements of 10 CFR 50.55a(b)(1)(iii), including the code requirements 
relevant to "Reversing Dynamic Loading in Piping," first introduced in ASME 1994 Addenda.   
 
In the proposed changes to AP1000 Tier 2, DCD Section 5.2.1.1, the applicant indicated that it 
would use the 1989 Edition and the1989 Addenda sub-articles NB-3620, NC-3620, ND-3620, 
NB-3650, NC-3650 and ND-3650 for the seismic design of piping.  The staff notes that these 
are the sub-articles containing the alternative provisions for seismic design of piping that were 
introduced in the 1994 Addenda Sections NB-3600, NC-3600, and ND-3600.  The use of the 
above proposed sub-articles is consistent with the provisions of 10 CFR 50.55a(b)(1)(iii) and is, 
therefore, acceptable.  Regarding the requirements in 10 CFR 50.55a(b)(1)(ii) relating to weld 
leg dimensions for socket welds, AP1000 piping design will comply with the requirements of 
10 CFR 50.55a(b)(1)(ii) for socket weld dimensions such that DCD Section 5.2.1.1 includes 
specific requirements including primary stress indices and stress intensification factor consistent 
with the requirements of 10 CFR 50.55a(b)(1)(ii).  In its response dated April 1, 2009, to RAI-
SRP5.2.1-EMB-03, the applicant stated that AP1000 design does not utilize the alternative 
provisions introduced in NB-3200 from the 1994 Addenda for seismic design of piping. The 
applicant stated that AP1000 DCD Section 5.2.1.1 will be revised to include the use of the1989 
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Edition, 1989 Addenda for Subarticle NB-3220.  The staff considers the applicant’s response 
and the planned DCD changes to be acceptable.  This is CI-SRP5.2.1-EMB-03. 
 
5.2.1.2 Applicable Code Cases 
 
The staff of the NRC approved Section 5.2.1.2, “Applicable Code Cases,” of the AP1000 DCD, 
Revision 15, in the certified design.  In AP1000 DCD, Revision 17, Westinghouse has proposed 
to make the following changes to Section 5.2.1.2 of the certified design: 
 

1) DCD Tier 2 Section 5.2.1.2 was revised to reference subsection 5.2.6.1 
which contains a commitment that the Combined License (COL) applicant 
will address consistency of the design with the construction practices 
(including inspection and examination methods) of the later American 
Society of Mechanical Engineers (ASME) Code edition and addenda as 
well as code cases approved subsequent to design certification (DC). 
 

5.2.1.2.1 Technical Evaluation  
 
The staff reviewed this change in accordance with Section 5.2.1.2, “Applicable Code Cases,” of 
NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for Nuclear 
Power Plants” (SRP).  The staff reviewed all changes identified by change marks in AP1000 
DCD, Revision 17.  The staff did not re-review descriptions and evaluations in AP1000 DCD, 
Revision 15, that were previously approved and that are not affected by the new changes.  
 
The applicant revised DCD Tier 2, Section 5.2.1.2, to reference Section 5.2.6.1, which contains 
a commitment that the COL applicant will address consistency of the design with the 
construction practices (including inspection and examination methods) of the later ASME Boiler 
& Pressure Vessel Code edition and addenda as well as code cases approved subsequent to 
DC.  To ensure that appropriate code cases are applied for inspection and examination, in 
Request for Additional Information (RAI)-SRP5.2.1-EMB01, the NRC asked Westinghouse to 
provide code cases similar to those in DCD Table 5.2-3, which are applicable to Regulatory 
Guide (RG) 1.147, ”Inservice Inspection Code Case Acceptability—ASME Section XI 
Division 1,” and RG 1.192, “Operation and Maintenance Code Case Acceptability, ASME OM 
Code.” 
 
By letter dated July 18, 2008, Westinghouse responded to RAI-SRP5.2.1-EMB-01 and indicated 
that the code cases to be used for inservice inspection and testing should be included in the 
programs developed for these activities.  Combined license application (COLA) final safety 
analysis reports describe these programs.  DCD Section 5.2.1.2 is not an appropriate place to 
identify the code cases expected to be used for inservice inspection and inservice testing.  
However, the COLA final safety analysis report incorporates by reference the DCD statement 
that if code cases other than those included in DCD Table 5.2-3 are used, a reconciliation 
review will be performed.  It is important that Westinghouse provide the baseline code cases 
similar to those in Table 5.2-3 that will be incorporated by reference in the COLA for use in 
inspection and testing.  Without those baseline code cases, the staff cannot determine whether 
the code cases are the correct revision or if additional new code cases are needed in the COLA 
to meet the requirements of Title 10, Section 50.55a(a)(3), (b)(5), and (b)(6) of the Code of 
Federal Regulations (10 CFR 50.55a(a)(3), (b)(5), and (b)(6)).  The staff identified this as Open 
Item (OI)-SRP5.2.1-EMB-01. 
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In a letter dated July 15, 2009, the applicant stated that DCD Section 3.9.8.4 will be revised to 
require the inservice test program to identify the ASME OM code cases used.  The applicant 
also indicated that DCD Section 5.2.1.2 would be revised to note that ASME Code, Section XI 
and the ASME OM Code and associated code cases are not directly used in the design of the 
reactor coolant pressure boundary.  The ASME Code cases used in the inservice inspection 
and inservice testing programs would be determined as the COL information based on 
regulatory guidance and regulations, since RG 1.192, “Operation and Maintenance Code Case 
Acceptability, ASME OM Code,” is not applicable to AP1000 Design Certification.  In 
considering the applicant’s planned changes to have code cases used for the preservice and 
inservice testing included in the COL information, the staff finds the supplemental information in 
the letter dated July 15, 2009, to be reasonable and acceptable, based on the requirements in 
10 CFR 50.55a.  This is CI-SRP5.2.1-EMB-01. 
 
In DCD Tier 2, Section 5.2.1.2, Westinghouse stated that use of any code case not approved in 
RG 1.84, “Design, Fabrication, and Materials Code Case Acceptability, ASME Section III,” and 
RG 1.85, “Guidance from Revision 31 of RG 1.85 (Materials Code Case Acceptability—ASME 
Section III, Division 1),” on Class 1 components is authorized as provided in 
10 CFR 50.55a(a)(3) and the requirements of the DC.  In RAI-SRP5.2.1-EMB-02, the staff 
asked Westinghouse to remove the reference to RG 1.85 from the DCD since the NRC 
withdrew it in 2003. 
 
By letter dated June 10, 2008, Westinghouse responded to RAI-SRP5.2.1-EMB-02 and noted 
that RG 1.85 is retained in the DCD for historical reasons.  It also indicated that because the 
ASME Code used for the design of the AP1000 is the 1998 Edition, 2000 Addendum, RG 1.85 
may include code cases that are of interest.  Since the last revision (Revision 31) of RG 1.85 
contains code cases with dates only up to 1994, the use of RG 1.85 is unrelated to meeting the 
requirements of the ASME Code, 1998 Edition through 2000 Addenda.  Instead, the NRC 
withdrew RG 1.85 in 2003 but incorporated all code cases from the original RG 1.85 in RG 1.84 
and will continue to do so in its future updates.  Therefore, Westinghouse should revise DCD 
Tier 2 to RG 1.84 rather than RG 1.85 while updating DCD Tier 2 to include the up-to-date 
information.  The staff identified this as OI-SRP5.2.1-EMB-02.   
 
In a letter dated June 17, 2009, the applicant indicated that DCD Section 5.2.1.2 would be 
revised to remove the references to RG 1.85. The applicant also indicated that the discussion of 
conformance to RG 1.84 in Appendix 1A would be revised from Revision 31 to Revision 32 to 
be consistent with the information in Table 1.9-1.  The staff finds the applicant’s response and 
the planned changes to the AP1000 DCD to be acceptable.  This is CI-SRP5.2.1-EMB-02.  
 
Revision 17 of AP1000 DCD included three new code cases used in the AP1000 design which 
were added to Table 5.2-3.  These code cases are N-655, "Use of SA-738, Grade B, for Metal 
Containment Vessels, Class MC, Section III, Division 1”; N-757, "Alternative Rules for 
Acceptability for Class 2 and 3 Valves, NPS 1 (DN25) and Smaller with Welded and Non-
welded End Connections other than Flanges, Section III, Division 1"; and N-759-1, "Alternative 
Rules for Determining Allowable External Pressure and Compressive Stresses for Cylinders, 
Cones, Spheres, and Formed Heads, Section III, Division 1."  In RAI-SRP5.2.1-EMB-04, the 
staff requested the applicant to confirm whether these code cases were the most recent version 
and whether they were approved by the NRC in RG 1.84.  If not, the staff requested that the 
applicant provide justification for using these code cases in the AP1000 design in accordance 
with the requirements of ASME Section III, NCA-1140.   
 



 

 
5-5 

In its response dated April 1, 2009, to RAI-SRP5.2.1-EMB-04, as supplemented by a letter 
dated June 8, 2009, the applicant stated that these ASME Section III Code Cases N-655, N-757 
and N-759-1 are not included in Revision 34 of RG 1.84.  The applicant also indicated that the 
AP1000 design would apply the latest Code Cases N-655-1, N-757-1 and N-759-2 as identified 
in its letter dated June 8, 2009.  The applicant provided justification required by 10 CFR 50.55a 
for the use of these code cases as discussed in the following paragraphs.  
 
ASME Code Case N-655 was originally written to permit the use of SA-738 material. The 
version of the ASME Code used for the construction of the containment, 2001 Edition, 2002 
Addenda, includes the use of SA-738 such that a code case is not needed for this material. 
Code Case N-655-1 replaced Supplementary Requirement S-17 by Supplementary 
Requirement S-1, which is considered to be equivalent to Supplementary Requirement S-17 for 
controlling the quality of the SA-738 material.  The applicant noted that the change from S-17 to 
S1 was indicated in APP-GW-GLN-113 (TR-113), "AP1000 Containment Vessel Shell:  Material 
Specification" (Agencywide Documents Access and Management System (ADAMS) Accession 
Number ML071340345), which was submitted to NRC in May 2007.  APP-GW-GLN-113 noted 
that SA-738 Grade B material with the imposed Supplementary Requirement S-17 is generally 
not available and the use of Supplementary Requirement S-1 will apply similar high quality 
steel. Thus, the staff finds that Code Case N-655-1 provides an acceptable level of quality and 
safety and is authorized pursuant to 10 CFR 50.55a(a)(3)(i).  The applicant indicated that DCD 
Table 5.2-3 would be revised to include Code Case N-655-1 in lieu of N-655. This is CI-
SRP5.2.1-EMB-04(a). 
 
Code Case N-757 allows the use of alternate rules for the design of instrument, control and 
sampling line valves, Class 2 and 3 NPS 1 (DN25) and smaller, with welded and non-welded 
end connections other than flanges.  The ASME Code requirements for the design of these 
valves are contained in Articles NC-3500 and ND-3500 for ASME Code Class 2 and 3 valves.  
The standard design rules in Paragraphs NC-3512 and ND-3512 require that the minimum wall 
thickness satisfy the thickness requirements specified in the valve standard ASME B16.34, 
“Valves- Flanged, Threaded, and Welding End.”  Paragraphs NC-3513 and ND-3513 provide 
the alternate design rules that may be used in place of NC-3512 and ND-3512 when permitted 
by the Design Specification.  However, these alternate rules only apply to valves with butt 
welding end connections and socket welding end connections.  Code Case N-757-1 allows the 
use of the alternate design rules for welded and non-welded end connections other than 
flanges, in the design of small valves. Code Case N-757-1 states that these valves may meet 
the design requirements of Section III, Division 1, Class 2 and 3 rules in Paragraphs NC-3512 
and ND-3512 provided specific additional requirements are met.  Based on discussion in a 
conference call with the staff on June 19, 2009, for the use of Code Case N-757-1, the applicant 
addressed in a letter dated July 2, 2009, issues regarding the operating experience of non-
welded valves identified in NRC Information Notices 84-55, “Seal Table Leaks at PWRs,” and 
92-15, “Failure of Primary System Compression Fitting.”  The applicant stated that information 
and cautions would be provided in design documents (e.g., design specifications and instruction 
manuals) including:  (a) not mixing the parts from one manufacturer to another, (b) following 
manufacturer's recommended instructions for installing compression fittings, and (c) providing 
training and procedures for personnel performing the work.  The staff concludes that the use of 
Code Case N-757-1 will provide an acceptable level of quality and safety for the design of 
instrument, control and sampling line valves, Class 2 and 3 NPS 1 (DN25) and smaller, with 
welded and non-welded end connections other than flanges, and is, therefore, authorized  
pursuant to 10 CFR 50.55a(a)(3)(i).  The applicant indicated that DCD Table 5.2-3 would be 
revised to include Code Case N-757-1 in lieu of N-757. This is CI-SRP5.2.1-EMB-04(b). 
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Code Case N-759-2, "Alternative Rules for Determining Allowable External Pressure and 
Compressive Stresses for Cylinders, Cones, Spheres, and Formed Heads, Section III, Division 
1," is intended for use in the design of AP1000 to address an issue with the primary side 
depressurization transients. Code Case N-759-2 provides an alternative methodology for the 
steam generator tube collapse analysis based on theoretical buckling equations and buckling 
tests on fabricated cylindrical tubes.   
 
In a letter dated July 2, 2009, the applicant provided supplemental information stating that the 
use of theoretical buckling equations and buckling tests provides assurance that Code Case N-
759-2 would provide an acceptable level of quality and safety.  The applicant also stated that 
compliance with the existing rules of the ASME Code without the use of Code Case N-759-2 
would require a re-design of the AP1000 steam generator tube bundle.  The staff finds that the 
use of Code Case N-759-2 provides an acceptable level of quality and safety and is, thus, 
authorized pursuant to 10CFR 50.55a(a)(3)(i).  The applicant indicated that AP1000 DCD Tier 2, 
Table 5.2-3 would be revised to replace Code Case N-759-1 with N-759-2.  This is CI-
SRP5.2.1-EMB-04(c). 
 
Revision 17 to AP1000 DCD, Introduction, Table 1-1, “Index of AP1000 Tier 2 Information 
Requiring NRC Approval for Change,” contains Tier 2* information requiring NRC approval for 
change.  AP1000 DCD Tier 2, Table 5.2-3 also contains Tier 2* information as specified in the 
footnotes to the table.  In RAI-SRP5.2.1-EMB-05, the staff requested the applicant to revise 
Table 1-1 to be consistent with Table 5.2-3.  In its response to RAI-SRP5.2.1-EMB-05, the 
applicant indicated that it had identified inconsistencies and an omission in Table 1-1 and 
planned to make several changes.  For example, the reference to a specific code case would be 
expanded to cover all ASME code cases with a reference to Table 5.2-3.  A note specifying that 
the 2001 Edition of the ASME Code, Section III, including 2002 Addenda, applies to 
containment design would be included in Table 1-1.  The table would also be revised to remove 
incorrect references to Sections 3.8.2.5 and 5.2.1.1 for this item.  An item would be added to 
Table 1-1 listing the baseline ASME Code Edition and Addenda with reference to Section 
5.2.1.1.   The staff considers the applicant’s planned changes to the DCD provide consistency in 
the applicable DCD sections and are, therefore, acceptable.  This is CI-SRP5.2.1-EMB-05. 
 
By letters dated April 28 and June 8, 2009, the applicant requested the use of Code Case N-
782, “Use of Code Editions, Addenda, and Cases Section III, Division 1,” for the AP1000 design. 
This code case is not included in RG 1.84, Revision 34.  As required by 10 CFR 50.55a(a)(3), 
Westinghouse requested approval for the use of this ASME Code case as a proposed 
alternative to the rules of 10 CFR 50.55a.   
 
Code Case N-782 provides that the Code Edition and Addenda endorsed in a design certified 
by the regulatory authority may be used for systems and components constructed to ASME 
Code, Section III requirements.  This code case updates paragraph NCA-1140 of ASME Code 
Section III to address the licensing process under 10 CFR Part 52.  The applicant indicated that 
the use and approval of Code Case N-782 was needed to align ASME Code requirements to 
the ASME Code Edition and Addenda cited in AP1000 DCD Tier 2, Subsection 5.2.1.1.  A 
reference to Code Case N-782 would be included in component and system design 
specifications and design reports to permit certification of these specifications and reports to the 
Code Edition and Addenda cited in the DCD and approved by the NRC.  The applicant indicated 
that the use of Code Case N-782 facilitates the use of the ASME Code edition and addenda 
included in the AP 1000 Design Certification.  Therefore, it would provide the same level of 
quality and safety as was included in the information reviewed for the AP1000 Design 
Certification.  The information provided in the applicant’s letter is generic and applies to all COL 
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applicants referencing the AP1000 Design Certification.  The staff concludes that the use of 
Code Case N-782 provides an acceptable level of quality and safety and is therefore authorized 
pursuant to 10 CFR 50.55a(a)(3)(i).  AP1000 DCD Tier 2, Table 5.2-3 will be revised to 
reference Code Case N-782.  This is CI-SRP5.2.1-EMB-06. 
 
5.2.1.2.2 Conclusions 
 
Based on the information provided in Westinghouse’s responses to the RAIs, the staff finds that 
the AP1000 DCD amendment conforms to the guidance provided in RG 1.206, “Combined 
License Applications for Nuclear Power Plants (LWR Edition).”  This satisfies the requirements 
of 10 CFR 50.55a, “Codes and Standards,” and General Design Criterion (GDC) 1, “Quality 
Standards and Records,” in Appendix A, “General Design Criteria for Nuclear Power Plants,” to 
10 CFR Part 50, “Domestic Licensing of Production and Utilization Facilities,” and, therefore, is 
acceptable.  Westinghouse shall confirm that it has updated DCD Tier 2 by incorporating the 
changes required. 
 
5.2.3 Reactor Coolant Pressure Boundary Materials 
 
5.2.3.1 Evaluation of Zinc Addition to the Reactor Coolant 
 
5.2.3.1.1 Summary of Technical Information 
 
In Revision 16 to the AP1000 DCD, Westinghouse proposed design changes to incorporate the 
ability to inject zinc into AP1000 reactor coolant.  By letter dated April 5, 2006, Westinghouse 
submitted TR-32 “Zinc Addition,” APP-GW-GLN-002, to provide technical justification for the 
proposed zinc addition into the reactor coolant. 
 
The request consists of a modification to the AP1000 design to incorporate the ability to inject a 
small quantity of zinc acetate into the reactor coolant system.  Operation with chemical zinc in 
the cooling system has been shown to change the oxide film on primary components, reducing 
occupational radiation exposure and the potential for crud formation, crud deposition on the fuel 
rods, and subsequent power shifts.  Westinghouse proposed to provide zinc addition as an 
optional mode of operation.   
 
Implementation of the requested zinc injection capability in the AP1000 results in the following 
Tier 2 changes in Revision 17 to the DCD: 
 

1.   Add note 7 in Table 5.2-2 “Reactor Coolant Water Chemistry 
Specifications” to specify the maximum zinc concentration, 

 
2.   In Table 6.2.3-1 revise the chemical and volume control system hydrogen 

injection to the reactor coolant system line isolation device to be normally 
open, 

 
3.   Revise the third paragraph of Section 9.3.6.2.1, “Purification,” to the effect 

that the mixed bed demineralizers will also remove zinc,   
 
4.   Add Section 9.3.6.2.3.3 “Zinc Addition” to the effect that zinc may be 

added and,   
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5.   Revise Figure 9.3.6-1 to include:  Valve V092 is changed to normally 
open, a reducer is added downstream of V065, the portion of the H2/ZINC 
ADD line from the reducer to the return line is renumbered as L064, and 
the specification of L064 is changed to .5" BBC. 

 
5.2.3.1.2 Evaluation 
 
GDC 4, “Environmental and Missile Dynamic Effects Design Bases,” requires that structures, 
systems, and components important to safety shall be appropriately protected against 
environmental and dynamic effects.  The staff reviewed changes related to this section to 
ensure the compatibility of components with the environmental conditions created by the 
addition of zinc. 
 
By letters dated August 1, and September 28, 2006, the staff requested additional information 
regarding the effects of zinc injection.  Westinghouse responded in letters dated September 8 
and December 12, 2006.  The staff reviewed the responses and included that information in the 
overall evaluation, which follows.  
 
Zinc acetate will be added using the same piping and valving as the hydrogen addition.  The 
proposed hardware change is to replace a portion of the 1-inch pipe (downstream from the 
containment isolation valve) with a heavier wall half-inch pipe.  This will reduce the piping 
volume and substantially reduce the transit time for the hydrogen and the zinc acetate injected 
material.  The integrity of the pressure boundary is not affected.  Both hydrogen and zinc 
acetate injections have low transit velocities; thus, flow stability is not a problem.  The 
containment isolation function signal, the containment isolation, the valve designation as active 
(Table 3.9-12 in the DCD), the safety-related mission, the inservice testing type and frequency 
requirements (Table 3.9-16), and the valve functional requirements for containment isolation 
(Tier 1, Table 2.3.2-1) are not affected.      
 
The staff concludes that zinc addition in the primary coolant reduces radiation fields and the 
formation of crud, which may result in increased personnel exposure and in axial power shifts, 
respectively.  Regarding the effect of zinc in reducing primary water stress-corrosion cracking, 
Westinghouse clarified that it no longer takes credit for the mitigation of this type of cracking 
based on zinc addition.  Westinghouse believes that there is sufficient margin in the selection of 
new materials and that credit from zinc addition is not needed.  The staff finds that the presence 
of zinc in the primary water will not cause aging-related degradation; therefore, it is acceptable.   
 
The staff questioned the effect of the thin oxide film that forms in the presence of zinc with 
respect to the potential increase of the heat transfer coefficient and the potential increase in fuel 
and cladding operating temperature.  Westinghouse submitted additional information in the form 
of cladding oxidation results that demonstrated that existing plant operational data (using 
ZIRLOTM cladding) did not exhibit increased oxidation, suggesting that the cladding is operating 
at comparable temperatures.  The staff finds that the presence of zinc meets the requirements 
of GDC 4 and does not decrease the cladding-to-coolant heat transfer coefficient; thus, the staff 
finds the presence of zinc in the primary water to be acceptable.  These changes are generic 
and are expected for all COLAs referencing the AP1000 certified design.  At this time, the NRC 
has not issued a COL for any AP1000 plant.   
 
5.2.3.1.3 Conclusions 
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On the basis of its review of TR-32, the NRC staff finds that the requested modification for zinc 
addition to the primary water meets the requirements of GDC 4 and is acceptable for ZIRLOTM 
fuel cladding.  Furthermore, the staff finds that the TR-32 conclusions regarding the evaluation 
for zinc addition to the primary water are generic and are expected to apply to all COLAs 
referencing the AP1000 DC.  Therefore, the proposed DCD changes are acceptable pursuant to 
10 CFR 52.63(a)(1)(vii) on the basis that they contribute to the increased standardization of the 
certification information. 
 
5.2.3.2 Evaluation of Reactor Coolant Pressure Boundary Materials 
 
5.2.3.2.1 Summary of Technical Information 
 
In Revision 16 to the AP1000 DCD, Westinghouse proposed design changes related to the 
AP1000 pressure boundary materials.  By letter dated May 24, 2007, Westinghouse submitted 
for staff review TR-33, “Pressure Boundary Material Change” APP-GW-GLN-009, Revision 1, 
which provides technical justification for the design changes related to the AP1000 pressure 
boundary materials.  The pressure boundary materials selection appears in DCD Tier 2, Section 
5.2, Table 5.2-1.  The pressure boundary materials changes identified in TR-33 are (1) the 
revision of some material designators to be consistent with the ASME Code of Record for the 
reactor coolant system pressure boundary components, which is the 1998 Code and 2000 
Addenda, (2) the correction of discrepancies in the AP1000 DCD in the specification of 
materials for some components, (3) the addition of materials to DCD Table 5.2-1 to address 
previously identified issues, to provide fabrication flexibility, and to ensure adequate material 
supply, (4) the relaxation of the maximum copper limit allowed in the reactor vessel beltline 
forging and weld material to reduce schedule risk and cost while maintaining the required 
performance, and (5) the relaxation of the maximum delta ferrite limit in weld materials to reduce 
schedule risk and cost while maintaining the performance requirements. 
 
Revision 17 revised Section 5.2.3.1 of the AP1000 DCD, Tier 2, to include ASME Code Filler 
Metal Specifications SFA 5.1 and 5.17 for carbon steel, ASME Code Filler Metal Specification 
SFA 5.22 for stainless steel which allows the use of fluxed-cored filler metal to be used for 
welding the root pass, and ASME Code Filler Metal Specification SFA 5.30 for consumable 
inserts.  Revision 17 also revised AP1000 DCD, Table 5.2-1, to allow an option to use carbon 
steel (SA-508, Class 1A) instead of alloy steel (SA-508, Grade 3, Class 2) on the pressure 
forgings (including nozzles and tubesheets for the steam generator), and allows an option to 
use carbon steel (SA-508, Grade 1) instead of stainless steel (SA-336, Grades F304, F304L, 
F304LN, F316, F316L and F316LN) on the pressure forgings for the reactor coolant pump.   In 
addition, Table 5.2-1 of the FSAR was changed in Revision 17 to add material specification SA-
338 for the pressurizer nozzle safe-ends, and to replace material specifications SA-312 and SA-
376 for seamless pipe with material specification SA-479 for hot-rolled or cold-rolled bar stock 
with a UNS designation S21800. 
 
The NRC staff reviewed information in the AP1000 TR-33 that supports Revision 16 to the 
AP1000 DCD, along with the associated changes made in Revision 17.  The staff’s findings are 
summarized below. 
 
5.2.3.2.2 Evaluation of Revision 16 Changes 
  
This evaluation addresses the impact of the changes identified in TR-33 related to the Class 1 
pressure boundary materials, in such areas as the reactor vessel and internals, pressurizer, and 
steam generators. 
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a.  ASME Code of Record Update 
 
Reactor vessel components (head plates, shell courses, shell flange, and appurtenances to the 
control rod drive mechanism (CRDM) material designators) were revised to be consistent with 
the ASME Code of Record for the reactor coolant system pressure boundary components, 
which is the 1998 Code and 2000 Addenda.  These changes have no impact on the safety 
evaluation performed by the staff because the materials identified continue to meet the 
requirements of the ASME Code, Section III.  Hence, the changes are acceptable. 
 
b.  Material Addition  
 
Reactor vessel components (appurtenances to the CRDM, instrumentation tube appurtenances, 
and monitor tubes) materials have been added.  The added materials have been used in 
pressurized-water reactors (PWRs) in the past.  In addition, reactor vessel components (nozzle 
safe ends, appurtenances to the CRDM, instrumentation tube appurtenances, upper head, 
monitor tubes, and vent pipe materials) currently identified in the DCD and TR-33 include 
corresponding class, grade, or type.  The identified added materials and the additional 
information on grades, types, or classes meet the requirements of the ASME Code, Sections II 
and III in accordance with the guidance of SRP Section 5.2.3.  Therefore, the inclusion of the 
identified materials and the additional information on grades, types, or classes presented in 
TR-33 have no impact on the conclusions reached by the staff in its review of the AP1000 DCD, 
Revision 15.  Hence, the additions are acceptable.  Section 4.5.1 of this final safety evaluation 
report (FSER) discusses the evaluation of the material changes for the CRDM components. 
 
c.  Reactor Vessel Beltline Forging and Weld Chemical Composition 
 
The current AP1000 DCD, Revision 15, specifies maximum 0.03 weight-percent (wt%) copper 
(Cu) for reactor vessel beltline forgings and welds.  The copper limits were established to 
address irradiation embrittlement concerns.  TR-33 proposed that the copper limit for the reactor 
vessel beltline forging and weld material be 0.06 wt%.  Forgings with specified maximum copper 
limits of 0.03 wt% are outside the current practice for the potential forging suppliers since most 
specifications are commonly in the range of 0.05 to 0.1 wt%. 
 
Changing the wt% of copper impacts the end-of-life (EOL) reference temperature—pressurized 
thermal shock (RTPTS), which is calculated according to the methodology prescribed in 
10 CFR 50.61(c)(1).  However, even though the RTPTS value is increased, there is still 
substantial margin from exceeding the screening criteria limit set forth in 10 CFR 50.61(b)(2).  
Table 5-1 summarizes the impact of increased copper on the EOL RTPTS (using the current 
RTPTS criteria). 
 

Table 5-1  Impact of Increased Copper on the EOL RTPTS 
 

       EOL RTPTS 
CU =.03 wt% 
Current Limit 

EOL RTPTS 
CU = 0.06 wt% 
Proposed Limit 

EOL RTPTS Screening 
Criteria 

Beltline Forging 18.9 °C (66 °F) 34.4 °C (94 °F) <132.2 °C (270 °F) 

Beltline weld 36.7 °C (98 °F) 64.4 °C (148 °F) < 148.9 °C (300 °F) 
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Based on the data shown in Table 5-1, the impact of higher copper content on the beltline weld 
and beltline forging EOL RTPTS is small and does not challenge the screening criteria of 
10 CFR 50.61(b)(2).     
 
Adjusted reference temperature (ART) will be slightly increased because of the higher copper 
content and that will decrease the allowable operating temperature.  However, this will not result 
in any significant restrictions on plant operations.  The pressure-temperature (P/T) curve 
changes will not significantly affect the low-temperature overpressure protection (LTOP) system 
evaluation and the resulting parameters for the normal residual heat removal system (RNS) 
relief valve. 
 
Thus, the impacts of the increase in copper content of the beltline weld and beltline forging are 
insignificant.  Taking into consideration the increase in copper content, the staff’s review finds 
that the requirements of GDC 1 and GDC 31, “Fracture Prevention of Reactor Coolant Pressure 
Boundary,” and 10 CFR 50.55a regarding quality standards are met by compliance with the 
provisions of the ASME Code, Section III, for the beltline forgings and weld materials.  The 
materials also meet the requirements of Appendix G, “Fracture Toughness Requirements,” to 
10 CFR Part 50 and 10 CFR 50.61, “Fracture Toughness Requirements for Protection against 
Pressurized Thermal Shock Events.”  Therefore, the staff’s review finds the changes to the 
reactor vessel beltline forging and weld chemical compositions acceptable.  
 
d.  Delta Ferrite Limits 
 
The current AP1000 DCD, Revision 15, specifies an upper delta ferrite limit of 13 ferrite number 
(FN).  The proposed change is to increase the upper-shelf limit to 20 FN and to clarify the 
acceptable methods to verify the delta ferrite content.  The proposed change to the maximum 
delta ferrite content is 20 FN for filler metal compositions with low molybdenum contents and 
16 FN for weld filler materials with higher molybdenum content, such as Types 316/316L.  The 
increase in maximum allowable delta ferrite levels will increase the availability of suppliers and 
flexibility in fabrication, resulting in a decrease in cost and fabrication time without compromising 
material performance. 
 
The upper-shelf limit of 20 FN is still within the guidelines established by the staff under 
RG 1.31, “Control of Ferrite Content in Stainless Steel Weld Metal”, which states that weld pad 
test results showing an average FN from 5 to 20 indicate that the filler metal is acceptable for 
production welding of Class 1 and 2 austenitic stainless steel components and core support 
structures.  In addition, the upper- and lower-shelf limit FN content is within the acceptance 
standards under ASME Code, Section III, NB-2000.  Based on the discussion above, the 
change is within the limits prescribed by the staff and the ASME Code and is acceptable. 
 
e.  Primary and Auxiliary Piping 
 
Section 3B.2, “Potential Failure Mechanisms for AP1000 Piping,” of Appendix 3B, “Leak-Before-
Break Evaluation of the AP1000 Piping,” to the AP1000 DCD, Revision 15, states that 
SA312TP316LN- and SA304TP304L-grade steels selected for primary and auxiliary piping are 
both resistant to intergranular stress-corrosion cracking and wall thinning due to erosion-
corrosion effects.  The proposed change replaces the references from specific materials to a 
more generic statement, which calls for Series 300 stainless steel materials.  The proposed 
change also states that these materials were chosen because of their proven operating 
experience in low- or no-oxygen environments with no incidents for a number of years.  The 
proposed change also states that RG 1.44, “Control of the Use of Sensitized Stainless Steel,” 
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“will be used to maintain experiences of the PWR applications for the use of Series 300 
stainless steel materials.”  The applicant also revised Table 5.2-1 of DCD Section 5.2 to include 
the specific material Types 304, 304L, 316, and 316L, in addition to the current Types 304LN 
and 316LN used for the reactor coolant pressure boundary components, including piping. 
 
In proposing this change, higher carbon stainless steel materials (Types 304 and 316) could be 
used in the reactor coolant pressure boundary, including piping, and may be more susceptible 
to sensitization due to heat treatments or welding.  However, for the applications proposed, the 
reactor coolant environment to which these materials will be exposed is either a low- or no-
oxygen environment in part because of the use of oxygen scavenger chemicals such as 
gaseous hydrogen and hydrazine.  Past operating experience with the use of 300 series 
stainless steels in such low- or no-oxygen environments has not shown any significant 
challenges to piping integrity for a number of years.  Therefore, the staff concurs that the use of 
Series 300 stainless steels is the most proven application in the fleet, taking into consideration 
operational experience.  In addition, the DCD mentions RG 1.44 as the guideline followed in the 
selection and use of the material and the control methods to avoid sensitization.  Therefore, the 
staff finds that the use of these stainless steel materials exposed to PWR reactor coolant water 
is acceptable.  However, the staff notes that the use of these materials on any piping that 
implements leak-before-break will be verified as part of inspections, tests, analyses, and 
acceptance criteria during the COL phase using the actual material properties and final, as-built 
piping analysis to ensure that the piping using these materials still meets the leak-before-break 
bounding analysis curves (which were originally evaluated for Types 304LN and 316LN piping 
material).  
 
f.  Steam Generators  
 
TR-33 revises the material designations for pressure boundary components to be consistent 
with the ASME Code of Record (1998 Code with 2000 Addenda). 

 
Table 5.1-2 of the DCD updates material class and grade designators.  For example, the steam 
generator tubing material designator was revised from SB-163 TP 690TT to SB-163 N06690.  
ASME Specification SB-163 identifies the chemical and physical properties of the material and 
notes that the material is annealed.  Section 5.2.3.1.1 of this FSER states that the steam 
generator tubes are made of thermally treated Alloy 690 material.  Section 5.2.3.1, “Material 
Specifications,” of DCD Revision 15 also states that the steam generator tubes use Alloy 690 in 
the thermally treated form.   
   
The material designators for the steam generator manway closure studs and nuts were also 
updated to reflect the more correct way to identify bolting material.  The studs are SA-193 
Gr. B-7 and the nuts are SA-194 Gr. 2H. 
 
The staff finds that the revisions and updates to the DCD related to the steam generator 
components do not alter the staff’s conclusions in the AP1000 FSER and are consistent with 
SRP Section 5.2.3.  Furthermore, the requirements of GDC 1, GDC 30, “Quality of Reactor 
Coolant Pressure Boundary,” and 10 CFR 50.55a regarding quality standards are met for 
material specifications by compliance with the applicable provisions of ASME Code, Section III.  
Therefore, the staff finds these changes to the DCD related to steam generator components 
acceptable.  
 
5.2.3.2.3  Evaluation of Revision 17 Changes 
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a. Use of Carbon steel 
 
Revision 17 to the AP1000 DCD proposed the use of carbon steel as an option for reactor 
coolant pressure boundary components, which include the steam generator and the reactor 
coolant pump, and therefore the staff requested Westinghouse to provide justification and 
operating experience on the use carbon steel or remove the use of carbon steel in reactor 
coolant pressure boundary components.   
 
In a letter dated December 31, 2009, in response to RAI-SRP5.2.3-CIB1-01, Revision 1, 
Westinghouse stated that carbon steel is used only for those pressure boundary components 
which are not normally exposed to the reactor coolant (i.e., reactor coolant pump components - 
stator main flange, stator shell and external heat exchanger supports).  These components use 
carbon steel in lieu of 304 stainless steel due to the stresses induced by the studs and the main 
flange.  Specifically, a 304 stainless steel main flange may experience an increase in the main 
flange stud load at operating conditions due to the thermal expansion between the steel studs 
and the 304 stainless steel main flange.  Therefore, the carbon steel will provide a higher 
margin against stud/nut to main flange bearing stresses.  In addition, note 4 is proposed to be 
added to Table 5.2.3-1 of the AP1000 DCD to state the use of carbon steel base material and 
weld material are limited to only these components of the reactor coolant pump.  In addition, in 
response to RAI-SRP5.2.3-CIB1-01, Revision 2, Westinghouse stated in a letter dated 
April 7, 2010, that carbon steel will not be used for the steam generator reactor coolant pressure 
boundary forgings, and proposed to remove the carbon steel material from Table 5.2-1.  The 
staff notes that carbon steel is only used in 3 components for the reactor coolant pump that are 
not in contact with the reactor coolant.  Therefore, the staff finds the use of carbon steel for only 
non-wetted components of the reactor coolant pump acceptable, and that there is no other use 
of carbon steel for the reactor coolant pressure boundary.  This is CI-SRP5.2.3-CIB1-01. 
 
b. Use of flux-cored welding in root pass 
 
Revision 17 to the AP1000 DCD included the use of ASME Code Filler Metal Specification SFA 
5.22 which allows the use of fluxed-cored filler metals to be used for welding the root pass in all 
stainless steel reactor coolant pressure boundary components.  The staff has concerns that the 
use of flux-cored filler metal in the root pass may introduce slag inclusions in the root weld layer 
in contact with the reactor coolant, thereby providing a crack initiation site.  In a letter dated 
August 12, 2009, in response to RAI-SRP5.2.3-CIB1-01, Revision 0, Westinghouse stated that 
the use of flux bearing weld processes for root welds in which the root layer is exposed to 
reactor coolant are prohibited unless the backside is first back-gouged to remove the root layer 
and re-welded from the backside.  In addition, in response to RAI-SRP5.2.3-CIB1-01, 
Revision 2, Westinghouse letter dated April 7, 2010, proposed notes 3 and 8 to Table 5.2-1 of 
the AP1000 which specify this prohibition of using flux-bearing filler metal for weld root passes. 
The NRC staff finds the use of fluxed-cored filler metals with the addition of notes 3 and 8 to 
Table 5.2-1 of the AP1000 DCD acceptable since it prohibits the use of flux containing weld 
processes on the root layer, which would be in contact with the reactor coolant, thereby 
ensuring the weld integrity by minimizing the occurrence of a crack initiation site in the root 
layer.  This is part of CI-SRP5.2.3-CIB1-01. 
 
c. Use of consumable inserts 
 
Section 5.2.3.1 of the AP1000 DCD, Revision 17 proposed the use of ASME Code Filler Metal 
Specification SFA 5.30 for consumable inserts for stainless steel.  In addition, Table 5.2-1 of the 
AP1000 DCD, Revision 17 included alloy 690 safe ends for the steam generator nozzle.  
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However, Revision 17 did not include ASME Code Filler Metal Specification SFA 5.30 for 
consumable inserts joining the steam generator alloy 690 safe ends to the reactor coolant pump 
casing to ensure full penetration of the weld joint.  In a letter dated July 9, 2010, in response to 
RAI-SRP5.2.3-CIB1-01, Revision 3, Westinghouse stated that welding of the steam generator 
alloy 690 safe end to the reactor coolant pump casing is performed from both sides to achieve 
full penetration.  The weld design features a double-sided weld since there is access to the 
second side for back-gouging and re-welding.  Therefore, the staff finds the addition of SFA 
5.30 acceptable for providing a weld joint to achieve full penetration, particularly for installation 
closure welds, and the use of a double-sided weld for the steam generator to reactor coolant 
weld to ensure full penetration, which is in accordance with Section III of the ASME Code.     
 
d. RCP – use of CS and the RCP flywheel analysis 
 
Since carbon steel will be utilized in the reactor coolant pump, the staff reviewed how this would 
affect the flywheel analysis described in Section 5.4.1.4 of this SER.  In response to the staff’s 
RAI-SRP5.2.3-CIB1-01, Revision 1, Westinghouse stated in letters dated August 12, 2009, in 
response to RAI-SRP5.2.3-CIB1-01, Revision 0, and December 31, 2009, in response to RAI-
SRP5.2.3-CIB1-01, Revision 1, that carbon steel is only used for the stator main flange, stator 
shell and the external heat exchanger supports.  The staff determined that since the flywheel 
analysis described in Section 5.4.1.4 only credits the reactor coolant pump casing, thermal 
barrier, stator closure ring and the stator lower flange for containing the flywheel, the use of 
carbon steel has no impact on the flywheel analysis.  
 
However, to clarify the use of the carbon steel base material and welding filler metal for the 
reactor coolant pump, Westinghouse stated in a letter dated December 31, 2009, in response to 
RAI-SRP5.2.3-CIB1-01, Revision 1, that full penetration weld joints are used for welding the 
stator shell (carbon steel) to the stator main flange (carbon steel) and the stator lower flange 
(stainless steel).  The stator shell (carbon steel) to the stator lower flange (stainless steel) is a 
dissimilar metal weld.  The stator shell is buttered with ASME Code Filler metal specification 
5.9, classification ER309, and then the weld joining the lower flange to the ER309 buttering 
uses ASME Code filler metal specification 5.9, classification 308.  Both welds have radiographic 
inspection requirements per Section III of the ASME Code, and are surface examined on both 
the inside and outside diameter surfaces. The staff finds the welding and inspections for the 
carbon steel components for the reactor coolant pump will be performed in accordance with the 
criteria of Section III of the ASME Code for full penetration to ensure the integrity of the welded 
components.    
 
However, the NRC staff noted that since filler metal specification SFA5.9, classification ER309 
is used for the weld buttering on the RCP stator shell, which is subsequently post-weld heat 
treated, the ER309 buttering may become sensitized when exposed to the post-weld heat 
treatment.  In a letter dated April 7, 2010, in response to RAI-SRP5.2.3-CIB1-01, Revision 2, 
Westinghouse proposed to add note 5 to Table 5.2-1 of the AP1000 DCD to clarify the 
maximum carbon content for stainless steel welds which would be exposed to post-weld heat 
treatment that may cause sensitization.  In a letter dated July 9, 2010, in response to RAI-
SRP5.2.3-CIB1-01, Revision 3, Westinghouse further clarified the carbon content of stainless 
steels which meets the guidance in RG 1.44.  Therefore, since the maximum carbon content is 
specified to prevent sensitization, and the guidance of RG 1.44 is used when post-weld heat 
treating stainless steel, the staff finds note 5 acceptable.  This is part of CI-SRP5.2.3-CIB1-01. 
 
e. Use of EC and EQ 
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In addition, a Westinghouse letter dated April 7, 2010, proposed new changes to Table 5.2-1 of 
the AP1000 DCD to add strip electrodes (EQ) for SFA 5.9 filler materials, and composite 
cored/stranded electrodes (EC) for SFA 5.9 and SFA 5.14 filler materials from ASME Code, 
Section II.  EQ filler materials currently listed in SFA 5.9 and SFA 5.14 of ASME Code, Section 
II are used for cladding purposes, and have been used in current operating plants. The use of 
this filler material allows increase weld surface area deposition, which is particularly beneficial 
when performing weld cladding of vessels.  In a letter dated July 9, 2010, in response to RAI-
SRP5.2.3-CIB1-01, Revision 3, Westinghouse provided additional information on the use of EC 
filler material and clarified the use of EQ and EC in Table 5.2-1 of the AP1000 DCD.  
Westinghouse stated that EC filler material can be in the form of stranded wire and metal cored 
wire.  The stranded wire is used primarily for automatic gas-tungsten arc welding since it is 
more flexible, which aids in smooth and consistent wire feeding into the weld puddle.  The staff 
notes that EC filler material provides a more consistent and repeatable weld, which aids in 
minimizing welding defects, thereby improving the integrity of the weld, and therefore considers 
the use of EC filler materials specified in the Section II of the ASME Code acceptable.   
 
Westinghouse also stated in a letter dated July 9, 2010, in response to RAI-SRP5.2.3-CIB1-01, 
Revision 3, that the metal cored composite filler metal, EC, is used with the gas metal arc 
welding (GMAW) process, and due to the higher current density of these filler materials, results 
in higher weld deposition, and can be better controlled by the welder, thereby enabling 
acceptable welds to be produced consistently.  The EC filler material contains no flux, and the 
mechanical and chemical properties of the resulting weld are identical to other filler materials 
used for the GMAW process.  Therefore, the staff finds the use of EC filler material specified in 
SFA 5.9 of the ASME Code, Section II, acceptable since these filler materials produce welds 
that have the same chemical and mechanical properties as other SFA 5.9 filler materials 
allowed by the ASME Code.   This is part of CI-SRP5.2.3-CIB1-01. 
 
f. Use of 52M 
 
In a letter dated April 7, 2010, Westinghouse proposed new changes to Section 5.2.3.1 and 
Table 5.2-1, Note 7, to include the use of ASME filler metal specification 5.14, Type ENiCrFe-7A 
(UNS N06054) SFA 5.14.  In a letter dated July 9, 2010, in response to RAI-SRP5.2.3-CIB1-01, 
Revision 3, Westinghouse clarified that the use of the nickel alloy weld material in SFA 5.14, 
which includes Unified Number System (UNS) N06054 (Alloy 52M) would improve weldability.  
The NRC staff notes that N06054 filler material is more resistant to ductility dip cracking than 
UNS N06052 and W86152 filler materials, thereby ensuring the integrity of the weld.  In 
addition, other filler material in this classification have been, and are currently being developed 
to further improve the weldability by minimizing the potential for both hot cracking and ductility 
dip cracking (microfissuring).  Therefore, the staff agrees that the use of these filler material 
alloys developed for improved weldability for SFA 5.14, which are included in the ASME Code, 
Section II, can be used since these filler materials provide an acceptable level of quality to 
ensure the integrity of the weld.  This is part of CI-SRP5.2.3-CIB1-01. 
 
g. Pressurizer Safe-ends 
 
Material specification SA-338, Grades F316, F316L and F316LN was added in Revision 17 of 
the AP1000 DCD, Table 5.2-1 for the pressurizer safe-ends.  However, the NRC notes that this 
material specification does not exist in the ASME Code, Section II.  In response to RAI-
SRP5.2.3-CIB1-02, a Westinghouse letter dated December 11, 2009, changed the material 
specification to SA-336 to correct the editorial error.  The staff finds the addition of material 
specification SA-336 for stainless steel acceptable for use on the pressurizer safe-ends since it 
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is in Section II of the ASME Code and has acceptable operating experience in current plants.  
This is CI-SRP5.2.3-CIB1-02. 
 
h. Use of Quickloc and SA-479 
 
Table 5.2-1 of the AP1000 DCD was changed in Revision 17 to replace material specifications 
SA-312 and SA-376 (seamless pipe) with material specification SA-479 for hot-rolled or cold-
rolled bar stock with no supporting justification or operating experience.  In addition, the UNS 
designation S21800 for material specification SA-479 has a higher carbon content than Types 
304 and 316, along with a lower chromium content with no molybdenum additions, thereby 
making the material susceptible to sensitization if welded.  Therefore, the staff requested a 
discussion on the compatibility of this material with the reactor coolant, along with operating 
experience.  In a letter dated December 31, 2009, in response to RAI-SRP5.2.3-CIB1-01, 
Revision 1, Westinghouse stated that material specification SA-479 replaced SA-312 and SA-
376 because the AP1000 design incorporated a Quickloc mechanism to replace the previous 
incore instrument thimble assemblies (IITAs).  The new design includes eight Quickloc 
penetrations in lieu of the forty-two individual IITA penetrations on the reactor vessel head.   
Westinghouse also provided operating experience for this material which includes: 
 

a) Used for Quicklocs on several operating plants (Waterford 3, St. Lucie 1 and 2, and 
Calvert Cliffs 1 and 2) starting from the mid 1990’s. 

b) Used for Core Exit Nozzle Assembly pressure boundary parts since 1988 in 
approximately 50 plants worldwide. 

c) Used for various reactor vessel internal parts. 
 
The material specification SA-479, UNS 21800 (also known as Nitronic 60) is procured in the 
solution-annealed condition, and is used primarily for areas to minimize wear, galling and 
fretting due to the additions of silicon and manganese.  The staff notes that although Nitronic 60 
has a maximum carbon content of 0.10 percent versus 0.08 percent for type 304 and 316 
stainless steels, sensitization of the Nitronic 60 is not a concern for the Quickloc since it is 
provided in the solution-annealed condition and is not subject to welding.  In addition, 
intergranular corrosion tests are performed in accordance with ASTM A262-02a, practice E, as 
outlined in RG 1.44, to ensure the material is not sensitized.  The staff finds that the Nitronic 60 
material has satisfactory operating experience in contact with the reactor coolant since the mid 
1980’s and, therefore, the staff finds the use of SA-479, UNS 21800 (Nitronic 60) to be 
acceptable for use in the Quickloc design, and is fabricated to ensure it is not sensitized.  
However, since Westinghouse stated that this material is not welded, the staff requested how 
the Quickloc mechanism is attached to the reactor vessel head. 
 
In a letter dated January 15, 2010, in response to RAI-SRP5.2.3-CIB1-03, Revision 0, and in a 
letter dated March 21, 2010, in response to RAI-SRP5.2.3-CIB1-03, Revision 1, Westinghouse 
stated that the Nitronic 60 material is used for the Quickloc plug and Quickloc nut, which are not 
welded, since these are mechanical parts.  The Quickloc plug is inserted into the Quickloc 
instrument nozzle.  The Quickloc instrument nozzles are welded to a weld-buildup of alloy steel 
on the reactor vessel head. The staff notes that this weld buildup (material specifications SFA 
5.5, 5.23 or 5.28 of Section II to the ASME Code) is deposited on the top of the reactor vessel 
head and then machined to form a nozzle that penetrates the reactor vessel head.  This weld 
build up nozzle has corrosion-resistant cladding applied to the inside diameter similar to the rest 
of the reactor vessel head.  Westinghouse also stated that the buttering (Alloy 52/152) is applied 
to the top of the weld buildup to facilitate the welding of the Quickloc instrument nozzle to this 
buttering using Alloy 52/ 152. Therefore, there is a dissimilar metal weld using Alloy 52/152 
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attaching the SA-182, Type 304 stainless steel Quickloc instrument nozzle to the Alloy 52 
buttering on the alloy steel weld buildup nozzle.  Westinghouse also provided information from 
the design drawing that the Quickloc instrument nozzle is welded to the Alloy 52/152 buttering 
after final post-weld heat treatment of the reactor vessel head.  The staff finds that welding the 
Type 304 stainless steel Quickloc instrument nozzle after the final post-weld heat treatment of 
the reactor vessel closure head and Quickloc nozzle weld buildup minimizes the sensitization of 
the stainless steel Quickloc instrument nozzle.  Therefore, the staff finds that the fabrication 
sequence of the Quickloc parts to the reactor vessel head using ASME Code, Section III 
ensures the integrity of the weld, including the final post-weld heat treatment of the reactor 
vessel head with the Quickloc nozzle weld buildup to ensure the material properties of the low 
alloy steel are retained.  
 
In addition, Westinghouse stated that the Quickloc mechanism contains both pressure boundary 
and non-pressure boundary (internal structure) parts.  The pressure boundary parts meet the 
requirements of the ASME Code, Section III, Subsection NB, while the non-pressure boundary 
parts meet the requirements of ASME Code, Section III, Subsection NG.  The staff finds the 
design and fabrication of the pressure boundary to be acceptable since it is evaluated in 
accordance with Class 1 requirements of the ASME Code, Section III.   The NRC staff also finds 
it appropriate for the design and fabrication of the non-pressure boundary parts to be designed 
and fabricated to the requirements of ASME Code, Section III, Subsection NG, which applies to 
reactor vessel internals and core support structures.  
 
In regard to inspection during fabrication, Westinghouse provided the specific inspections to be 
performed for the pressure boundary parts in a letter dated January 15, 2010, in response to 
RAI-SRP5.2.3-CIB1-03, Revision 0, and in a letter dated April 21, 2010, in response to RAI-
SRP5.2.3-CIB1-03, Revision 1.  These inspections included radiography and ultrasonic testing 
of the weld buttering and dissimilar metal weld.   The weld buildup would also receive a 
magnetic particle inspection and an ultrasonic inspection, while the cladding and dissimilar 
metal weld would receive a liquid penetrant inspection.  The inspections for the buttering and 
cladding would be performed in accordance with ASME Code, Section V, while the remainder of 
the inspections would be performed in accordance with Section III of the ASME Code, 
Subsection NB-5000.   Since the fabrication inspections include volumetric examination of all 
the welds, and the inspections are in accordance with the ASME Code, the staff finds these 
inspections acceptable to ensure the integrity of the welds and base material. 
 
However, to ensure the integrity of the welds is maintained, the NRC staff asked what type of 
inservice inspection is performed for these welds.  In a letter dated January 15, 2010, 
Westinghouse stated that the dissimilar metal weld joining the stainless steel Quickloc 
instrument nozzle to the Alloy 52 buttering on the alloy steel Quickloc weld buildup requires an 
inservice inspection per Section XI of the ASME Code in accordance with Table IWB-2500-1, 
Item Number B5.10 (Category B-F).  The NRC staff finds that Category B-F, Item Number B5.10 
for dissimilar metal welds in pipe sizes larger than 4 inches is the appropriate category for this 
weld to verify that the structural integrity is maintained as required by 10 CFR Part 50, 
Appendix A, GDC 30 and GDC 32.. 
 
In a letter dated April 21, 2010, in response to RAI-SRP5.2.3-CIB1-03, Revision 1, 
Westinghouse stated that the Quickloc nozzle weld buildup is a base metal weld buildup, and is 
considered an extension of the reactor vessel head forging, and therefore would require no 
inservice inspections.  The NRC staff does not agree that inservice inspections are not required, 
since even a non-structural attachment weld to the reactor vessel, Examination Category B-K in 
the ASME Code, Section XI, requires a surface examination for inservice inspections.  The staff 
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also notes that the Quickloc nozzle weld buildup (maximum height of 14.58 inches with a 7.5 
inch outside diameter and approximately one-inch thick) is designed as a nozzle penetration in 
the reactor vessel head, which forms the reactor coolant pressure boundary.  Therefore, the 
overall dimensions of the weld buildup and the fact that this weld buildup serves as both a 
pressure boundary for the reactor coolant and a structural member to attach the Quickloc 
mechanism would necessitate that an inservice inspection be performed in order to verify that 
the structural integrity of the weld buildup is maintained as required by 10 CFR Part 50, 
Appendix A, GDC 30 and GDC 32.      
 
In a letter dated August 3, 2010, in response to RAI-SRP5.2.3-CIB1-03, Revision 3, 
Westinghouse stated that the in-service inspection of the Quickloc nozzle weld buildup is not a 
design issue, and therefore should be addressed in the inservice inspection program to be 
developed by the COL applicant.  Therefore, Westinghouse proposed a COL Item in Section 
5.3.6.6 of the AP1000 DCD, which states:     
 

“The Combined License holder will establish an in-service inspection program prior to 
fuel load.  The in-service inspection program will include the performance of a 100 
percent volumetric examination of the weld build-up on the reactor vessel head for the 
instrumentation penetrations (Quickloc) conducted once during each 120-month 
inspection interval in accordance with the ASME Code, Section XI. The weld buildup 
shall meet the acceptance standards of ASME Code, Section XI, IWB-3514. Personnel 
performing examinations and the ultrasonic examination systems shall be qualified in 
accordance with ASME Code, Section XI, Appendix VIII.  Alternatively, the Combined 
License holder may develop an alternative inspection in conjunction with the voluntary 
consensus standards bodies (i.e., ASME) and submit to the NRC for approval.” 

 
The NRC staff agrees that the COL applicant should include the appropriate inservice 
inspection for the Quickloc nozzle weld buildup, since Section XI of the ASME Code does not 
specifically address this type of weld buildup on the reactor vessel head.  The NRC also agrees 
that a volumetric examination (ultrasonic) of all eight Quickloc nozzle weld buildups performed 
with procedures and personnel with similar qualifications (ASME Code, Section XI, Appendix 
VIII) for other Class 1 ASME Code welds in the reactor coolant pressure boundary provides 
assurance of the integrity of this reactor coolant pressure boundary weld.  The NRC staff also 
finds the acceptance criteria of IWB-3514 for Category B-F welds in Section XI of the ASME 
Code is the appropriate acceptance standard for detecting the type of flaws that could affect the 
integrity of the Quickloc nozzle weld buildup and the reactor coolant pressure boundary.  The 
NRC staff notes that the inspection of the Quickloc nozzle weld buildup can be performed in 
conjunction with the adjacent dissimilar metal weld using the same inspection procedures.  As 
experience is gained on this weld, technical basis for alternative examinations can be developed 
through the voluntary consensus standards body process, such as ASME, and submitted for 
NRC approval.  Therefore, the NRC staff finds that this COL item adequately addresses the 
concern for inservice inspection of the Quickloc nozzle weld buildup, because it ensures that the 
COL applicant’s inservice inspection program will include the appropriate inservice inspection 
for this weld, thereby assuring its integrity as required by 10 CFR Part 50, Appendix A, GDC 30 
and GDC 32.  This is CI-SRP5.2.3-CIB1-03. 
 
5.2.3.2.4 Conclusions 
 
In summary, upon verification of CI-SRP-5.2.3-CIB1-01 through CI-SRP-5.2.3-CIB1-03, the staff 
finds that the requested modification for the materials is acceptable because it satisfies the 
requirements in Section VIII B.5.b or Section VIII B.5.c of Appendix D, “Design Certification Rule 
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for the AP1000 Design,” to 10 CFR Part 52, “Licenses, Certifications, and Approvals for Nuclear 
Power Plants.”  The staff concludes that the changes to the pressure boundary materials in 
Revision 1 to TR-33 are technically acceptable.  Section 4.5.1 of this FSER discusses the 
evaluation of the material changes for the CRDM components.  The staff concludes that the TR-
33, Revision 1, changes have been included in Revision 17 to the AP1000 DCD, and are 
acceptable pursuant to 10 CFR 52.63(a)(1)(vii) on the basis that they contribute to the increased 
standardization of the certification information.  
 
5.3 Reactor Vessel 
 
5.3.2 Reactor Vessel Materials 
 
5.3.2.1 Summary of Technical Information 
 
In Revision 17 to the AP1000 DCD, Westinghouse proposed to resolve COL Information 
Item 5.3-3 (COL Action Item 5.3.2.2-1) by addressing the surveillance capsule lead factors and 
azimuthal locations in TR-23, “Surveillance Capsule Lead Factor and Azimuthal Location 
Confirmation,” APP-GW-GLR-023 Revision 0, of September 2006.  Westinghouse submitted 
TR-23 for staff review to demonstrate that it has met the requirements of COL Information Item 
5.3-3.  The submittal proposes a design change to locate the surveillance capsules in the 
minimum flux azimuthal locations to achieve lead factors in the range of 1.8 to 2.3, and as such 
satisfies the requirements in Appendix H, “Reactor Vessel Surveillance Material Requirements,” 
to 10 CFR Part 50 regarding surveillance capsule lead factors.  The proposed change will 
eliminate the need for COL applicants to address the surveillance capsule lead factors and 
azimuthal locations requirement of COL Action Item 5.3.2.2-1. 
 
In Section 5.3.6.3 of the AP1000 DCD, Revision 15, the COL action item states the following:   
 

The Combined License applicant will address confirmation of the surveillance 
capsule lead factors and azimuthal locations through an analysis which includes 
modeling of the capsule/holder. 

 
In Revision 17 to the AP1000 DCD, Westinghouse proposed to resolve COL Information 
Item 5.3-3 by addressing the surveillance capsule lead factors and azimuthal locations in TR-23.  
The proposed revision to Section 5.3.6.3 of the DCD states the following: 
 

The Combined License information requested in this subsection has been 
completely addressed in APP-GW-GLR-023 (Reference 7), and the applicable 
changes are incorporated into the DCD.  No additional work is required by the 
Combined License applicant to address the Combined License information 
requested in this subsection. 

 
The following words represent the original Combined License Information item 
commitment, which has been addressed as discussed above: 

 
The Combined License applicant will address confirmation of the 
surveillance capsule lead factors and azimuthal locations through 
an analysis which includes modeling of the capsule/holder. 
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5.3.2.2 Evaluation 
 
The surveillance capsule location in Figure 5.3-4 in Revision 15 to the DCD is at 29.70 degrees 
on either side of the 0- to 180-degree axis.  The total number of surveillance capsules is eight.  
In this location, the estimated lead factor is outside (higher than) the range recommended in 
ASME Standard E 185-82, incorporated by reference into Appendix H to 10 CFR Part 50.  To 
resolve this issue, Westinghouse proposed to use the locations (at the azimuthal minimums of 
the neutron flux, E > 1.0 million electron volts) at 45, 135, 225, and 315 degrees.  However, the 
45-degree location cannot be used because of mechanical interference with reactor internals; 
therefore, it is proposed to have three capsules per location at the 135- and 315-degree 
locations and two capsules at 225 degrees. 
 
Westinghouse performed an analysis for the anticipated range of lead factors at the proposed 
locations, and the results indicate that the values are in the range 1.8 to 2.3 (i.e., within the 
required values in Appendix H).  The calculations were carried out for an equilibrium core power 
distribution and adhere to the guidance in RG 1.190, “Calculational and Dosimetry Methods for 
Determining Pressure Vessel Neutron Fluence.”  As stated in the guide, the cross-sections used 
(BUGLE-96) are based on the ENDF/B-VI file, the scattering cross-section approximation is the 
P3 Legendre polynomial expansion, the angular quadrature approximation is S8, and a 1/8 core 
symmetry was used.  Because the 225-degree location contains only two capsules, two 1/8 core 
symmetry models were developed, one each for the two- and the three-capsule arrangements.  
Both models are based on the synthesis method; that is, the three-dimensional power 
distribution is derived from the synthesis of the (r, θ) and (r, z) distributions.  The flux and 
fluence distributions derived in this manner are acceptable because Westinghouse followed the 
guidance in RG 1.190. This satisfies the requirements in GDC 14, “Reactor Coolant Pressure 
Boundary,” GDC 30, and GDC 31. 
 
Section 5.3.6.3 of the DCD, Revision 17, references TR-23 in its entirety.  Although the entire 
report can be referenced for additional information, NRC staff finds that for clarity and 
completeness of the DCD as a stand-alone document, the DCD should include portions of the 
TR describing important design details.  The staff issued RAI-SRP5.3.1-CIB1-01 on 
February 19, 2008, asking Westinghouse to include the following information in the AP1000 
DCD:  (1) the azimuthal locations of the capsules (in degrees) and the basis for these locations, 
(2) the calculated lead factors, and (3) Figure 1, “Surveillance Capsule Azimuthal Location.”  
Westinghouse’s RAI response, dated March 28, 2008, appropriately described the changes to 
the DCD to incorporate information from the TR.  These design details were incorporated into 
Section 5.3.2.6 and Figure 5.3-4 of TR-134 Revision 5 dated June 27, 2008.  This was identified 
as CI-SRP5.3.1-CIB1-01 pending confirmation that this change was incorporated into DCD 
Revision 17.  CI-SRP5.3.1-CIB1-01 is closed since the staff has subsequently confirmed that 
this change was incorporated into Revision 17 of the DCD.  
 
In addition, the submittal states that the applicant examined the presence of the surveillance 
capsules in the proposed locations and concluded that there is no interference with required 
potential actions to mitigate severe accidents. 
 
The staff found that the Revision 16 DCD changes discussed by Westinghouse in TR-23 meet 
the requirements of Appendix H to 10 CFR Part 50 and are acceptable.  Therefore, AP1000 
COL Information Item 5.3-3 is resolved.  These DCD changes are generic and are expected for 
all COLAs referencing the AP1000 certified design.  At this time, the NRC has not issued a COL 
for any AP1000 plant.  Thus, the changes incorporated into Revision 17 contribute to the 
increased standardization of the certification information in the AP1000 DCD. 
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5.3.2.3 Conclusions 
 
On the basis of its review of TR-23 and the associated changes to the DCD, the NRC staff 
concludes that the proposed change meets the requirements of Appendix H to 10 CFR Part 50, 
and that Westinghouse has provided sufficient design information to close out COL Information 
Item 5.3-3.  Furthermore, the staff finds that the TR-23 conclusions regarding the surveillance 
capsule lead factors and azimuthal locations are generic and are expected to apply to all 
COLAs referencing the AP1000 DC.  Therefore, the proposed DCD changes are acceptable 
pursuant to 10 CFR 52.63(a)(1)(vii) on the basis that they contribute to the increased 
standardization of the certification information. 
  
5.3.3 Pressure-Temperature Limits  
 
5.3.3.1 Introduction 
 
In Revision 16 to the AP1000 DCD, Westinghouse included generic bounding P/T limits.  By 
letter dated May 30, 2008, Westinghouse submitted APP-RXS-Z0R-001, “AP1000 Generic 
Pressure Temperature Limits Report,” Revision 1, which describes the generic P/T limits report 
(PTLR) for the AP1000.  The generic bounding P/T limits in Revision 17 to the DCD are the 
same P/T limits used in the generic PTLR.  Westinghouse plans to have AP1000 COL 
applicants use the generic PTLR described in APP-RXS-Z0R-001, Revision 1, when developing 
their plant-specific P/T limits. 
 
Westinghouse submitted TR-33 and supporting information by letter dated June 7, 2007, to 
provide technical justification for the proposed changes.  The staff’s evaluation of the proposed 
changes is provided below. 
 
5.3.3.2 Evaluation 
 
The NRC has established requirements in 10 CFR Part 50 to protect the integrity of the reactor 
coolant pressure boundary in nuclear power plants.  The staff evaluates P/T limit curves based 
on the following NRC regulations and guidance:  Appendix G, “Fracture Toughness 
Requirements,” to 10 CFR Part 50; RG 1.99, Revision 2, “Radiation Embrittlement of Reactor 
Vessel Materials,” issued May 1988; and SRP Section 5.3.2.  RG 1.99, Revision 2, contains 
methodologies for determining the increase in transition temperature and the decrease in upper-
shelf energy resulting from neutron irradiation.  Appendix G to 10 CFR Part 50 requires that P/T 
limit curves for the reactor pressure vessel (RPV) be at least as conservative as those obtained 
by applying the methodology of Appendix G to ASME Code, Section XI.  
 
a. Background 
 
SRP Section 5.3.2 provides an acceptable method of determining the P/T limit curves for ferritic 
materials in the beltline of the RPV based on the linear elastic fracture mechanics methodology 
of Appendix G to ASME Code, Section XI.  The basic parameter of this methodology is the 
stress intensity factor, KI, which is a function of the stress state and flaw configuration.  
Appendix G to ASME Code, Section XI, requires a safety factor of 2.0 on stress intensities 
resulting from reactor pressure during normal and transient operating conditions, and a safety 
factor of 1.5 on stress intensities resulting from hydrostatic testing.  Appendix G to ASME Code, 
Section XI, also requires a safety factor of 1.0 on stress intensities resulting from thermal loads 
for normal and transient operating conditions as well as for hydrostatic testing.  The methods of 
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Appendix G postulate the existence of a sharp surface flaw in the RPV that is normal to the 
direction of the maximum stress (i.e., of axial orientation).  This flaw is postulated to have a 
depth that is equal to 1/4 of the RPV beltline thickness and a length equal to six times its depth.  
The critical locations in the RPV beltline region for calculating heatup and cooldown P/T limit 
curves are the 1/4 thickness (1/4T) and 3/4T locations, which correspond to the maximum depth 
of the postulated inside surface and outside surface defects, respectively.  The methodology 
found in Appendix G to ASME Code, Section XI, requires that licensees determine the ART (or 
adjusted RTNDT) at the 1/4T and 3/4T locations.  The ART is defined as the sum, the initial 
(unirradiated) reference temperature (initial RTNDT), the mean value of the adjustment in 
reference temperature caused by irradiation (�RTNDT), and a margin term. 
 
RG 1.99, Revision 2, provides guidance on the determination of �RTNDT and the margin term.  
�RTNDT is a product of a chemistry factor and a fluence factor.  The chemistry factor is 
dependent upon the amount of copper and nickel in the material and may be determined from 
tables in RG 1.99, Revision 2, or from surveillance data.  The fluence factor is dependent upon 
the neutron fluence at the maximum postulated flaw depth.  The margin term is dependent upon 
whether the initial RTNDT is a plant-specific or a generic value and whether the chemistry factor 
was determined using the tables in RG 1.99, Revision 2, or surveillance data.  The margin term 
is used to account for uncertainties in the values of the initial RTNDT, the copper and nickel 
contents, the fluence, and the calculation procedures. 
 
 
b.  Westinghouse Evaluation  
 
In RAI-TR33-001, dated April 23, 2007, the NRC staff asked Westinghouse to provide the 
following information:  
 
 1.  Detailed methodology used in the development of the P-T limit curves. 
 2. Beltline material properties (Cu, Ni) assumed, including initial RTNDT of 

materials. 
 3. Fluence assumed in the calculation of adjusted of RTNDT . 
 4. Pressure-Temperature data points. 
 
Westinghouse provided this information in a letter dated June 7, 2007, since it plans for the 
curves to be used by the COL holders as bounding curves.   
 
The methodologies provided by Westinghouse are consistent with those in WCAP-14040-A, 
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and RCS 
Heatup and Cooldown Limit Curves," Revision 4 of May 2004.  The P/T limits, which are valid 
for up to 54 effective full-power years (EFPYs) of operation, were calculated with chemistry 
factors obtained from the tables in RG 1.99, Revision 2.  As discussed in Section 5.2.3.2.2 of 
this FSER, Westinghouse proposed (and the staff agrees with) changing the maximum wt% of 
copper to 0.06%.  This is the value Westinghouse used for the calculations of AP1000 bounding 
P/T limit curves.  The initial RTNDT values are generic values for the design.  Table 5-2 shows 
the values Westinghouse has provided for limiting ART calculations of the beltline girth welds at 
two locations. 
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Table 5-2  Values for Limiting ART Calculations of the Beltline Girth Welds 
 

  1/4T Location 3/4T Location  

Fluence at 54 EFPYs 1.510x1019 5.51x1018 

Chemistry Factor 82 82 

�RTNDT 32.9 °C (91.3 °F) 20.2 °C (68.3 °F)  

Initial RTNDT -28.9 °C (-20 °F)  -28.9 °C (-20 °F)  

Margin 18.6 °C (65.5 °F) 18.6 °C (65.5 °F) 

ART 58.3 °C (137 °F) 45.6 °C (114 °F) 

 
In addition, Westinghouse provided P/T data points without margins for instrumentation errors.  
The staff used this information to evaluate the acceptability of the proposed bounding P/T limit 
curves.   
 
c.  Staff Evaluation 
 
As discussed previously, Westinghouse requested approval for bounding P/T limit curves to be 
used by COL holders with the AP1000 design.  The staff performed independent calculations of 
the ART values using the methodology in RG 1.99, Revision 2.  Based on these calculations, 
the staff verified the limiting ART values at the beltline girth welds.   
 
Given the acceptability of Westinghouse’s calculated ART values for the limiting beltline material 
to 54 EFPYs, the staff evaluated the P/T limit curves for acceptability by performing a finite set 
of check calculations based on information submitted by Westinghouse and by using the 
methodologies referenced in the ASME Code (as indicated in SRP Section 5.3.2).  The staff 
verified that the proposed P/T limit curves satisfy the requirements in Section IV.A.2 of Appendix 
G to 10 CFR Part 50.  
 
In addition, Appendix G to 10 CFR Part 50 also imposes a minimum temperature at the closure 
flange region based on the reference temperature for the flange material.  Section IV.A.2 of 
Appendix G to 10 CFR Part 50 states that when the pressure exceeds 20 percent of the 
preservice system hydrostatic test pressure, the temperature at the closure flange region, which 
is highly stressed by the bolt preload, must exceed the reference temperature of the material in 
that region by at least 71.1 degrees C (160 degrees F) for core critical operation, 
48.9 degrees C (120 degrees F) for normal, noncritical core operation, and by 32.2 degrees C 
(90 degrees F) for hydrostatic pressure tests and leak tests.  Based on this limiting flange 
reference temperature, the staff has determined that the proposed P/T limits have satisfied the 
above requirements for the closure flange region during all modes of normal operation and for 
hydrostatic pressure and leak testing. 
 
Based on this independent assessment, the staff concludes that Westinghouse’s proposed  
P/T limit curves meet the requirements of Appendix G to 10 CFR Part 50 and are acceptable for 
operation of an AP1000 design through 54 EFPYs of facility operation.  This determination, 
however, is only valid for the material properties and the projected fluence identified in this 
FSER.  Any changes to these values will require additional review.  Revision 17 to the AP1000 
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DCD includes these revised P/T limit curves. 
 
These revised P/T limits are generic and may be used by COL holders referencing the AP1000 
certified design, contingent upon verification by the COL holder of the material properties and 
fluence projection.  At this time, the NRC has not issued a COL for any AP1000 plant. 
Therefore, the proposed P/T limits contribute to the increased standardization of the certification 
information in the AP1000 DCD. 
 
In AP1000 DCD, Revision 15, COL Information Item 5.3.6.1, Westinghouse stated that COL 
applicants will address the use of plant-specific P/T limits.  In TR-6, “AP1000 As-Built COL 
Information Items,“ APP-GW-GLR-021, Revision 0 of June 2006, Westinghouse proposed to 
change the responsibility from the COL applicant to the COL holder.  However, in subsequent 
discussions between the NRC staff and Westinghouse, Westinghouse decided to provide a 
generic PTLR in conjunction with a future AP1000 DCD amendment for use by AP1000 COL 
applicants.  Upon review and approval of the PTLR, COL applicants will be able to use it for 
their respective plants as long as the PTLR methodology remains the same.  In conjunction with 
the Bellefonte R-COLA review, the NRC staff is requesting the COL applicant to provide license 
conditions in which the COL holder will be required to (1) update its P/T limits using the PTLR 
methodologies approved in the AP1000 DCD and using plant-specific material properties and 
(2) to inform the NRC of its plans to use updated P/T limits.  Westinghouse provided its generic 
PTLR for NRC review and approval in a letter dated May 30, 2008.  The NRC discussed its 
evaluation of the PTLR in a letter to Westinghouse dated December 30, 2008.  However, the 
staff finds that Westinghouse needs to provide the PTLR reference in its DCD.  The NRC staff 
identified this as CI-SRP5.3.2-CIB1-03.   
 
In reviewing the AP1000 PTLR, the staff noted one inconsistency between the AP1000 PTLR 
and Revision 17 to the DCD concerning the listed nickel content of the circumferential reactor 
vessel beltline weld.  Table 3 of the AP1000 PTLR listed the maximum allowable nickel content 
as 0.95 percent by weight.  However, Table 5.3-1 in Revision 17 of the DCD listed the maximum 
allowable nickel content as 0.85 percent.  In RAI-SRP5.3.2-CIB1-01 dated July 31, 2008, the 
NRC asked Westinghouse to resolve this discrepancy by amending either the DCD or the 
AP1000 PTLR to specify the same maximum nickel content of 0.85 percent or 0.95 percent.  In 
its response dated September 5, 2008, Westinghouse indicated that the actual limiting value of 
the nickel content of the reactor vessel beltline weld is 0.85 percent by weight.  Furthermore, the 
applicant indicated that this limiting nickel content value would be changed in Table 3 of the 
AP1000 PTLR to be 0.85 percent, consistent with the value established in Section 5.3 of the 
AP1000 DCD, Revision 17.  In a letter dated April 2, 2009, the applicant provided Revision 2 of 
the AP1000 PTLR, which includes the proposed changes.  The staff finds that the applicant has 
appropriately addressed the RAI and has verified that Revision 2 of the AP1000 PTLR 
incorporates the proposed revision to the maximum nickel content.  As a result, RAI-SRP5.3.2-
CIB1-01 is closed.  
 
Criterion 3 of PTLR (Reference GL 96-03) requires the evaluation of Low Temperature 
Overpressurization Protection set point (LTOP) system. AP1000 Technical Specification Limited 
Condition for Operation (LCO) 3.4.14 does not specify the normal residual heat removal system 
(RNS) suction relief valve lift pressure setpoint.  Westinghouse should revise LCO 3.4.14 to 
state that the RNS suction relief valve lift setpoint be within the specified limit in the PTLR.  By 
letter dated May 20, 2009, the applicant provided a supplemental response to RAI-SRP5.3.2-
CIB1-02 which includes a revision to the PTLR with the following addition: 
 

2.1               Low Temperature Overpressure Protection (LTOP) System   
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The Normal Residual Heat Removal System (RNS) pump              
suction line relief valve will have a lift setpoint of 500 psig 
with a full open pressure of 550 psig. The lift setpoint has 
been developed using the NRC approved methodology 
specified in Reference 2. 

 
From the review of the applicant’s response, the NRC staff concludes that the provisions in the 
response are acceptable because they adequately address PTLR Criterion 3 of GL 96-03. 
Although the staff finds the applicant’s response acceptable, CI-SRP5.3.2-CIB1-02 will remain 
until the applicant incorporates the changes into the DCD.  
 
5.3.3.3 Conclusions 
 
The staff finds that the proposed bounding P/T limit curves meet the requirements of  
Appendix G to 10 CFR Part 50 and are acceptable for the stated material properties and 
projected fluence for 54 EFPYs.  Furthermore, the staff finds that the TR-33 conclusions 
regarding the bounding P/T limit curves are generic and are expected to apply to all COLAs 
referencing the AP1000 DC.  The NRC staff reviewed and approved the Westinghouse PTLR 
methodology for the AP1000.  Therefore, the proposed DCD changes are acceptable pursuant 
to 10 CFR 52.63(a)(1)(vii) on the basis that they contribute to the increased standardization of 
the certification information. 
 
5.3.6 Reactor Vessel Insulation 
 
Westinghouse has completed the design of the RVIS.  In APP-GW-GLR-060 (TR-24), the 
applicant provided information to demonstrate that the reactor vessel insulation system is 
designed to provide adequate cooling to ensure in-vessel retention of a damaged and relocated 
core.  On this basis, the applicant proposed to close COL Information Item 5.3-5 (COL Action 
Item 19.2.3.3.1.3.2-1).  The staff’s evaluation of the RVIS design is in Section 19.2.3.3.1.3.2 of 
Supplement 2 to the FSER for AP1000. 
 
5.4 Reactor Coolant System Component and Subsystem Design 
 
5.4.1 Reactor Coolant Pump Assembly 
 
5.4.1.1 Summary of Technical Information 
 
In Section 5.4.1 of Revision 17 to the DCD, Westinghouse proposed to make changes related to 
the certified reactor coolant pump (RCP) design.  These changes include:  (1) change of the 
canned motor RCP design description to a more generic sealless pump, (2) use of an externally 
mounted heat exchanger, (3) change of the RCP flywheel design from depleted uranium to 
bimetallic construction, and (4) other miscellaneous changes.   
 
5.4.1.2 Pump and Motor Design 
 
The certified AP1000 RCP design, as described in Section 5.4.1.2.1, “Design Description,” of 
Revision 15 to the DCD, is a single-stage, hermetically sealed, high-inertia, centrifugal canned 
motor pump.  In TR-34, “AP1000 Licensing Design Change Document for Generic Reactor 
Coolant Pump,” submitted by letter dated November 17, 2006, Westinghouse proposed to 
replace the specific term “canned motor pump” with a generic sealless pump design to provide 
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flexibility in the selection of a specific pump design and pump vendors.  In DCD Revision 17, the 
applicant revised Section 5.4.1.2.1 to replace the term “canned-motor pump” with the phrase 
“sealless pump of either canned motor or wet winding design.”  In addition, in many DCD Tier 2 
sections (e.g., Sections 1.9.3, 1.9.4.2.3, 1.9.5.1.6, 3.5.1.2.1.4, 3.9.2.3, 4.4.4.6, 5.1.2, and 
5.1.3.3 and Table 5.1-2) associated with the RCPs, the applicant replaced the term “canned-
motor pump” with “sealless pump,” or “sealless pump of canned motor design.”  In DCD Tier 1, 
Section 2.1.2, “Reactor Coolant System,” Westinghouse replaced the term “canned motor 
reactor coolant pumps” in the design description with the phrase “sealless reactor coolant 
pumps.”   
 
The canned motor pump design contains the motor and all rotating components inside a 
pressure vessel designed for full reactor coolant system pressure.  Since the shaft for the 
impeller and rotor is contained within the pressure boundary, seals are not required to restrict 
leakage out of the pump into containment.  Thus, the concern regarding RCP seal failure is 
eliminated.  The NRC staff agrees that the use of the generic term “sealless pump” achieves the 
same objective as specifying a “canned motor pump” with regard to the seal failure concern.  
However, the NRC had based its review and acceptance of the AP1000 DCD on the canned 
motor pump design.  In DCD Revision 16, Westinghouse did not provide materials related to the 
wet winding pump design.   
 
Revised DCD Figure 5.4-1, “Reactor Coolant Pump,” and Reference 10 in DCD Section 5.4.16 
are based on a canned motor pump.  In the June 7, 2007, response to RAI-TR34-1, 
Westinghouse stated that the RCP design and licensing basis for the standard AP1000 plant is 
the canned motor RCP.  In the October 5, 2007, response to RAI-TR34-SRSB-01, 
Westinghouse stated that for an applicant to use the wet winding sealless RCP, Reference 10 in 
Section 5.4.16 and Figure 5.4-1 of the DCD would need to be changed in the final safety 
analysis report to incorporate the wet winding sealless design.  This change would be a 
departure from the DCD and would open licensing review of the design change.  Detailed 
design information on a wet winding sealless RCP design would be needed for NRC review and 
approval.  In the April 11, 2008, response to RAI-SRP5.4.1-CIB-01, Westinghouse proposed 
changes to DCD Revision 16 to identify the canned motor design as the RCP design for the 
standard design, eliminating the mention of the wet winding motor design from the DCD.  In 
DCD Revision 17, Westinghouse revised Section 5.4.1.2.1 to state that the RCP is a “single-
stage, hermetically sealed, high-inertia, centrifugal sealless pump of canned motor design.”  
This sentence is re-classified as Tier 2* information in that NRC staff approval is required before 
implementing a change in this information.  Therefore, the AP1000 design basis for the RCP is 
a sealless pump of canned motor design.  Use of a sealless pump design of another type, such 
as a wet winding motor design, would be a departure from the DCD and would require detailed 
design information in the final safety analysis report for NRC review and approval.  The staff 
finds this acceptable.  
 
In DCD Tier 1, Section 2.1.2, “Reactor Coolant System,” Westinghouse also replaced the term 
“canned motor reactor coolant pumps” in the design description with the phrase “sealless 
reactor coolant pumps.”   
 
5.4.1.3 Heat Exchanger Design 
 
In DCD Revision 17, Westinghouse proposed to change the heat removal design of the RCP by 
using an externally mounted, conventional shell and tube heat exchanger and a stator cooling 
jacket to replace the existing thermal barrier internal cooling coils and wraparound heat 
exchanger configuration.  The applicant revised DCD Section 5.4.1.2.1 and 5.4.1.2.2, 
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“Description of Operation,” to describe the revised motor cooling arrangement.  An auxiliary 
impeller at the lower part of the rotor shaft circulates a controlled volume of the reactor coolant 
through the motor cavity, where the rotor, bearing and stator are cooled, and through an 
external heat exchanger where the coolant is cooled to about 65 degrees C by the component 
cooling water (CCW) circulating on the shell side.  The CCW also circulates through a cooling 
jacket on the outside on the motor housing to cool the stator.  Westinghouse revised DCD 
Figure 5.4-1 to show the external heat exchanger configuration.  In addition, it revised DCD 
Section 5.4.1.3.3, “Pressure Boundary Integrity,” to include the external piping and tube side of 
the external heat exchangers as a part of the pressure boundary components that meet the 
requirements of ASME Code, Section III. 
 
In TR-34, Westinghouse explained that it changed to an external heat exchanger for the RCP 
because as the detailed design of the pump progressed, the increased heat transfer 
requirements on the heat exchanger resulting from increased motor power requirements and 
the effects of design transients on motor operation have resulted in significant manufacturing 
challenges associated with the wraparound heat exchanger design.  Therefore, a conventional 
shell and tube heat exchanger mounted on the pump flange is implemented to replace the 
current wraparound heat exchanger. 
 
In its June 7, 2007, response to RAI-TR34-2, Westinghouse summarized the RCP cooling 
design.  This includes the heat source from motor electrical loss, fluid and friction losses, hot 
primary coolant crossing the thermal barrier into the motor, and the heat removal capacity of 
heat exchanger and water jacket.  The external heat exchanger is specified to remove 
2.4 megawatts with 540 gallons per minute of CCW at 35 degrees C and 600 gallons per minute 
of primary flow at 69 degrees C.  In the October 5, 2007, supplemental response to RAI-TR34-
SRSB-02, Westinghouse indicated that the RCP design specification defining the external heat 
exchanger design requirements is passed to the external heat exchanger supplier.    
 
Establishment of the design requirements allows for the finalization of the design.  The external 
heat exchanger generic design report will provide detailed design information for the external 
heat exchanger.  In its July 3, 2008, response to RAI-SRP5.4.1-SRSB-01, Westinghouse 
indicated that this design report would be available for NRC review on October 31, 2008.  In 
addition, each pump would be performance tested with the heat exchanger intended for field 
use before shipment.  Westinghouse also indicated that the auxiliary impeller has been 
designed for an Euler head rise of 240 feet at 1782 revolutions per minute.  Prototype RCP 
testing in the future will verify that the actual bearing water flow rate is sufficient to satisfy design 
requirements.  If an unpredicted difference occurs between the calculated bearing water flow 
rate and the measured test value, an easily implemented design change of adding an annular 
ring to the motor shaft may be executed to increase auxiliary impeller flow capacity. 
 
The NRC staff identified review and acceptance of the external heat exchanger design report as 
OI-SRP5.4.1-SRSB-01.   
 
In a letter dated March 26, 2010, Westinghouse submitted a response to OI-SRP5.4.1-SRSB-01 
that included the external heat exchanger design specifications regarding its functions and 
design requirements.  The design specifications specify the objective of the external heat 
exchanger to cool primary side water used in a reactor coolant pump motor, and specify that the 
primary-side and secondary-side components of the heat exchanger shall meet the Section III, 
Division 1, Class 1 and Class 3, respectively, of ASME B&PV code.  In addition, the external 
heat exchanger shell will serve as supports for Section III, Class 1 heat exchanger tubes that 
form part of the primary pressure boundary, and as such cannot be allowed to fail in such a way 
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as to prevent the Class 1 pressure boundary from performing its function.  The heat exchanger 
design requirements specify the heat exchanger configuration and nozzle size, the design basis 
life of 60 years, normal operating conditions, allowable pressure drop of the primary and 
secondary sides, design pressure and temperature, and thermal transient operating conditions, 
material, and vibration analysis.  Regarding the vibration analysis, it specifies that the heat 
exchanger shall be designed to avoid flow-induced tube vibration under maximum expected 
flows and design temperature conditions.  The adequacy with respect to flow-induced vibration 
shall be demonstrated by either (a) an identical heat exchanger having operated satisfactorily 
under flow and temperature conditions at least as severe as those expected for the heat 
exchanger, or (b) the maximum expected secondary side flow velocities will be below the critical 
velocities for fluid-elastic excitation, and the lowest tube natural frequency exceeds by a factor 
of 1.5 the vortex shedding frequency calculated for the maximum expected secondary side flow 
velocity.  Based on this review, the staff concludes that the applicant has successfully 
addressed the OI, and therefore OI-SRP5.4.1-SRSB-01 is closed. 
 
5.4.1.4 Reactor Coolant Pump Flywheel Integrity 
 
5.4.1.4.1 Summary of Technical Information 
 
In Revision 16 to the AP1000 DCD, Westinghouse proposed to change the RCP design from a 
canned motor RCP with a depleted uranium flywheel to a generic sealless RCP with a bimetallic 
flywheel assembly.  TR-34 identified changes to the design of the RCP and the technical 
justification for the proposed changes.  
 
AP1000 DCD, Revision 15, had specified a canned motor RCP with a depleted uranium 
flywheel.  The Revision 16 changes to the AP1000 DCD specify a generic sealless RCP with a 
bimetallic flywheel assembly.  Changing to a generic sealless RCP will provide flexibility in 
selecting a specific pump design and thus increase the number of possible pump vendors.   
Revision 16 to the AP1000 DCD includes a revised flywheel assembly design of bimetallic 
construction.   
 
Concerning the material specifications for the flywheel, TR-34 stated that the preliminary 
flywheel design (in Revision 15 of the AP1000 DCD) employed an upper and lower flywheel 
assembly constructed of forged depleted uranium disks fitted to an inner stainless steel hub 
which was fitted to the motor shaft.  Structural integrity of the flywheel assemblies relied upon 
the strength of the depleted uranium forged disks.  The depleted uranium flywheel was 
designed to meet the minimum rotating inertia value, 695.3 kg-m2 (16,500 lb-ft2), given in the 
DCD, Tier 2, Table 5.4-1.  As the design progressed, it was determined that this inertia value 
needed to be increased to meet the pump coastdown used in the safety analyses as given in 
DCD Figure 15.3.2-1.  To achieve the required inertia, the depleted uranium flywheel design 
required increases in length and/or diameter.  However, increases in diameter resulted in stress 
levels beyond the design criteria limits and increases in length resulted in violation of the RCP 
space envelope as well as unacceptable rotordynamics.  Therefore, a revised flywheel 
assembly design of bi-metallic design with heavy tungsten alloy inserts was developed. 
 
By letter dated September 28, 2007, Westinghouse provided additional information concerning 
the materials and design of the flywheel assembly.  The design features heavy tungsten alloy 
annular or cylindrical segments, which are machined and fitted around a central Type 403 
stainless steel hub.  The segments are held in place by an interference fit of an 18-Ni maraging 
steel retainer cylinder placed over the outside of the assembly.  Alloy 690 endplates and an 
outer thin shell hermetically seal the assembly from primary coolant.  Structural integrity of the 
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flywheel assembly relies upon the stainless steel hub and the retainer cylinder.  Both the upper 
and lower flywheels are of the same design.   
 
By letter dated June 12, 2007, Westinghouse submitted TR-106, “AP1000 Licensing Design 
Changes for Mechanical Systems and Component Design Updates,” which revised the flywheel 
enclosure (endplates and outer thin shell) materials.  Design change 245 in TR-106 stated that 
Westinghouse would revise Section 5.4.1.3.6.3 of the AP1000 DCD by replacing references to 
“Alloy 690” with the phrase “corrosion resistant material” for the flywheel enclosure (endplates 
and outer thin shell) to meet the intent of creating a generic RCP design description that would 
facilitate other future RCP suppliers.  In addition, Westinghouse stated that the RCP supplier 
had proposed the material change from Alloy 690 to Alloy 625 because of the low coefficient of 
thermal expansion and better weldability of Alloy 625.  In a letter dated October 5, 2007, 
Westinghouse provided supporting information concerning the test results and experience of 
using Alloy 625 in contact with the reactor coolant.  Westinghouse also concluded that the 
AP1000 DCD should not include such detailed design information as referencing the specific 
material (i.e., Alloy 625); therefore, the AP1000 DCD would only specify “corrosion-resistant 
material.” 
 
5.4.1.4.2 Evaluation 
 
GDC 4 requires that structures, systems, and components important to safety shall be 
appropriately protected against environmental and dynamic effects, including the effects of 
missiles that may result from equipment failure.  GDC 1 requires that structures, systems, and 
components important to safety shall be designed, fabricated, erected, and tested to quality 
standards to ensure a quality product in keeping with the required safety function.  The staff’s 
view of Revision 16 changes related to Section 5.4.1.3.6.3 of the DCD is that they minimalize 
the potential for RCP flywheel failures and that the materials are adequate to ensure a quality 
product commensurate with the importance to safety.   
 
Section 5.4.1.2.1 of AP1000 DCD, Revision 16, changes the pump design from standard 
(canned motor) to a more generic “sealless” pump design (canned motor, wet-winding, etc.).  
Westinghouse revised Section 5.4.1.3.6.3 of AP1000 DCD, Revision 16, to state that the 
analysis to determine the capacity of the housing to contain the fragments of the bimetallic 
flywheel appears in Curtiss-Wright Electro-Mechanical Corporation Report 
AP1000 RCP-06-009-P.  This Curtiss-Wright report is only applicable for the canned-motor 
design.  In RAI-SRP5.4.1-CIB1-01, the staff asked Westinghouse to change the DCD to provide 
the following: 
 

• A specific reactor coolant pump/flywheel design (i.e. a single-stage, high-
inertia, centrifugal, sealless reactor coolant pump of canned-motor 
design).  Currently, this is the only reactor coolant pump design that has a 
supporting analysis for the flywheel integrity and missile generation. 

 
• Provide the material specifications for the flywheel and the specific 

inspections to be performed on the flywheel.    
 
• Provide the material type for the end plates and outer shell since TR-106 

(Westinghouse Report APP-GW-GLN-106, Revision 0) replaced the 
material type “Alloy 690” with “corrosion resistant” from AP1000 DCD, 
Revision 16, Section 5.4.1.3.6.3. 
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By letter dated April 11, 2008, Westinghouse responded to RAI-SRP5.4.1-CIB1-01 and provided 
the following:  
 

• RCP design and flywheel structural analysis:  AP1000 DCD, Revision 16 will be changed 
to incorporate the standard design RCP (a single-stage, hermetically sealed, high-
inertia, centrifugal, sealless pump of canned-motor design).   

 
• Flywheel material and inspections:  information identifying the materials used in the 

flywheel, and the inspections that will be performed on the flywheel.  
 
• Flywheel enclosure material:  information identifying the materials used in the flywheel 

enclosure.   
 
The staff reviewed this information and provides the following summary and evaluation of each 
issue.  
 
Flywheel Material and Inspections 
 
The Curtiss-Wright Electro-Mechanical Corporation Report AP1000 RCP-06-009-P, “Structural 
Analysis Summary for the AP1000 Reactor Coolant Pump High Inertia Flywheel,” dated 
October 2006 used the material properties from the material specifications for the flywheel 
(Type 403 stainless steel inner hub—ASTM A336, Grade F6, 18-Ni maraging steel outer hub—
AMS 6519, Vascomax T250 (UNS number 6075) and heavy tungsten inserts—ASTM B777, 
Class 4) to evaluate the flywheel integrity and ability to minimize missile generations.  AP1000 
DCD Section 5.4.1.3.6.3 also relies on the material specifications and preservice nondestructive 
testing to demonstrate the integrity of the flywheel and justify the removal of the flywheel from 
an inservice inspection program.  Therefore, to ensure structural integrity of the flywheel, as 
evaluated in the Curtiss-Wright report, Westinghouse should change the AP1000 DCD to 
include these material specifications or reference the Curtiss-Wright report for the material 
specifications to be used.  The staff previously addressed this in RAI-SRP5.4.1-CIB1-01.  The 
NRC staff identified this as OI-SRP5.4.1-CIB1-01.     
 
In a letter dated May 26, 2009, in response to RAI-SRP5.4.1-CIB1-01, Revision 1, 
Westinghouse stated that the flywheel outer hub material was changed from 18 Ni maraging 
steel to 18Mn-18Cr alloy steel (ASTM A 289, Grade 8) as a result of lessons learned during a 
flywheel mockup assembly, and that the 18Mn-18Cr alloy steel is not susceptible to stress 
corrosion cracking and hydrogen embrittlement.  A proposed change to Section 5.4.1.3.6.3 of 
the AP1000 DCD to include the new material specification was also provided in this letter. The 
staff confirmed that this material is more resistant to stress corrosion cracking than 18Ni 
maraging steel based on the current operating experience of 18Mn-18Cr alloy steel retaining 
rings on generators used since the mid 1980’s.  The generator environment is more aggressive 
due to the hydrogen cooling and the wet oxygenated environment compared to the PWR reactor 
coolant water which controls the oxygen content.  Also, the staff notes that this alloy steel has a 
high chromium content which is similar to stainless steels currently used in the reactor coolant.  
The 18Mn-18Cr material is similar to a high strength stainless steel with a yield strength of 195 
ksi compared to 250 ksi for the 18 Ni maraging steel.  Since this alloy steel is not a nickel based 
alloy, such as Alloy 600, primary water stress corrosion cracking is not a concern.  The NRC 
also notes that the 18Mn-18Cr alloy steel outer hub will be enclosed in an Alloy 625 flywheel 
enclosure to prevent the outer hub from contacting the reactor coolant.  Therefore, the staff 
finds the use of the 18Mn-18Cr alloy steel acceptable based on the current operating 
experience of this material in an aggressive stress corrosion environment, and even if the 
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flywheel ruptures, the flywheel would be contained in the reactor coolant pump as discussed 
below, thereby preventing a missile that could impact safety-related equipment or structures, 
which meets the requirements of GDC 4.   
 
In a letter dated August 4, 2009, in response to RAI-SRP5.4.1-CIB1-01, Revision 2, 
Westinghouse provided the material specifications for the inner hub (ASTM A336, Grade F6) 
and the tungsten inserts (ASTM B777, Class 4) in a proposed change to Section 5.4.1.3.6.3 of 
the AP1000 DCD as requested by the NRC staff, which partially resolves OI-SRP5.4.1-CIB1-01.  
Therefore, the staff identifies this as CI-SRP5.4.1-CIB1-01 to verify that the AP1000 DCD is 
revised to include the material specifications as stated in letters dated May 26, 2009 and 
August 4, 2009. 
 
However, since the outer hub material was changed to 18MNn-18Cr, the evaluation of the 
flywheel in Curtiss-Wright Electro-Mechanical Corporation Report AP1000 RCP-06-009-P, 
dated October 2006 is no longer valid since it does not bound the new material (18Mn-18Cr),  In 
a letter dated August 4, 2009, Westinghouse submitted a revised flywheel analysis, Curtiss-
Wright Electro-Mechanical Corporation Report AP1000 RCP-06-009-P, “Structural Analysis 
Summary for the AP1000 Reactor Coolant Pump High Inertia Flywheel,” Revision 2, dated 
July 2009, which included the new material (18Mn-18Cr), and is therefore part of 
OI-SRP5.4.1-CIB1-01 which is discussed in the “RCP design and flywheel structural analysis” 
section below.   
 
In regard to the preservice inspection of the flywheel, Westinghouse provided changes to 
AP1000 DCD, Revision 17, Section 5.4.1.3.6.3, to include surface examinations and volumetric 
inspections of the inner hub and retainer cylinder ring, and an overspeed spin test followed by a 
visual inspection and leak test of the final assembly in accordance with ASME Code, Section III.  
In addition, impact/fracture toughness testing will also be conducted on the inner hub and 
retainer cylinder ring.  The staff finds that these inspections provide reasonable assurance of 
the integrity of the flywheel during fabrication and ensure that the basis for safe operation of the 
RCP will be maintained.   
 
Flywheel Enclosure Material 
 
Design change 245 in TR-106 stated that Westinghouse would revise Section 5.4.1.3.6.3 of the 
AP1000 DCD by replacing references to “Alloy 690” with the phrase “corrosion resistant 
material” for the flywheel enclosure (endplates and outer thin shell) to meet the intent of creating 
a generic RCP design description.  The NRC staff notes that Section 5.4.1.3.6.3 of the AP1000 
DCD credits the use of the flywheel enclosure to prevent contact with the reactor coolant and to 
minimize the potential for corrosion of the flywheel and contamination of the reactor coolant.  A 
leak in the flywheel enclosure during operation could result in an out-of-balance flywheel 
assembly.  In addition, Westinghouse stated that the use of the required material specifications 
and nondestructive testing during fabrication of each flywheel demonstrates the quality of the 
flywheel, thereby permitting the removal of the requirement for periodic inservice inspections of 
the flywheel to ensure that the basis for safe operation of the RCP is maintained.  Based on the 
above, the NRC staff notes that, although the flywheel enclosure is not credited for retaining 
potential flywheel missiles, the flywheel enclosure is an integral part of ensuring the integrity of 
the flywheel so that it will not generate a missile.  In the course of its review, the staff identified 
that Section 5.4.1.3.6.3 of the AP1000 DCD should be revised to state the material type (i.e., 
Alloy 690 and/or Alloy 625) for the flywheel enclosure.   
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By letter dated April 11, 2008, Westinghouse included Alloy 625 in Section 5.4.1.3.6.3 of the 
AP1000 DCD as the material used for the flywheel enclosure.  Therefore, the NRC staff 
considers Alloy 625, as referenced in American Society for Testing and Materials (ASTM) 
material specifications ASTM B-443," Standard Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625) and Nickel-Chromium-Molybdenum-Silicon Alloy (UNS 
N06219) Plate, Sheet, and Strip" and ASTM B-564, “Standard Specification for Nickel Alloy 
Forging” to be an acceptable material for the flywheel enclosure, based on current operating 
experience in fuel assemblies and testing performed by Bettis Atomic Power Laboratory, which 
was discussed in the Westinghouse letter dated October 5, 2007.  With the inclusion of the 
material specification for the flywheel enclosure, the staff finds the change to Section 5.4.1.3.6.3 
acceptable.   
 
RCP design and flywheel structural analysis 
 
Concerning the RCP design, see Section 5.4.1.2 of this SER for the staff's evaluation.  The staff 
concludes this standard design type (a single-stage, hermetically sealed, high-inertia, 
centrifugal, sealless pump of canned-motor design) is supported by an applicable flywheel 
integrity analysis, and it standardizes the certification information for all COL applicants.   
 
The structural analysis of the bimetallic flywheel with heavy tungsten alloy inserts for the 
sealless RCP with canned motor and including a missile containment evaluation of a fractured 
flywheel was initially documented in Curtiss-Wright Electro-Mechanical Corporation Report 
AP1000 RCP-06-009-P, “Structural Analysis Summary for the AP1000 Reactor Coolant Pump 
High Inertia Flywheel,” issued October 2006.   
 
However, due to a change in material (18Mn-18Cr) for the outer hub of the flywheel, 
Westinghouse submitted a revised flywheel analysis, Curtiss-Wright Electro-Mechanical 
Corporation Report AP1000 RCP-06-009-P, “Structural Analysis Summary for the AP1000 
Reactor Coolant Pump High Inertia Flywheel,” Revision 2, dated July 2009, by a letter dated 
August 4, 2009.  The August 4, 2009, letter also provided a proposed change to Section 5.4.16 
of the AP1000 DCD which references this new Curtiss-Wright analysis.  This analysis used the 
material properties of 18Mn-18Cr, using a similar methodology as the previous analysis.  
However, the NRC staff noted that there were other changes to the reactor coolant pump 
including material changes to the pump, dimensional changes to the flywheel, and an additional 
pump part (stator closure ring) adjacent to the upper flywheel that would contain the upper 
flywheel if it were to rupture.  In addition, a missile generated from a fractured portion of the 
upper flywheel would now have to penetrate three parts (stator closure, stator closure ring and 
thermal barrier) which are bolted together.  Therefore, the staff identified this as part of 
OI-SRP5.4.1-CIB1-01, Revision 1, in that the analysis should also account for shearing of the 
bolts connecting these three parts.     
 
In response to OI-SRP5.4.1-CIB1-01, Revision 1, in a letter dated May 27, 2010, Westinghouse 
stated that the new analysis assumes that the flywheel is contained by the three parts (stator 
closure, stator closure ring and thermal barrier) which are bolted together, and act as one unit.  
These three parts act as one unit due to the combination of large compressive stresses from the 
main flange bolts and the recessed fits between the three parts which transfer the shear load 
from one part to another.  The NRC staff notes that the analysis is conservative since only a 
portion of the entire volume of the three parts (stator closure, stator closure ring and thermal 
barrier) was credited in the analysis with respect to containing a fractured flywheel.  Therefore, 
the NRC staff finds that the shear mechanism was analyzed and bounded by the analysis.  In 
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addition, Revision 2 of the analysis accounted for the dimensional changes in the flywheel, and 
the outer hub material properties of 18Mn-18Cr.    
 
In letters dated December 31, 2009, and April 7, 2010, in response to RAI-SRP5.2.3-01, 
Revisions 1 and 2 respectively, Westinghouse provided information on material changes to 
carbon steel for specific parts of the pump, which are the stator main flange, stator shell and 
external heat exchanger supports.  These parts are not exposed to reactor coolant and are not 
credited for containing a fractured flywheel.  Therefore, the NRC staff agrees that these material 
changes to the stator main flange, stator shell and external heat exchanger supports have no 
effect on the flywheel analysis.  In addition, the staff finds the use of carbon steel for these parts 
acceptable, since they are not exposed to the reactor coolant.  Therefore, the staff finds Open 
Item OI-SRP5.4.1-CIB1-01 completely resolved, and identifies this as CI-SRP5.4.1-CIB1-02 to 
verify that the AP1000 DCD is revised as stated in letters dated December 31, 2009, 
August 4, 2009, and April 7, 2010, concerning the specific material changes in note 4 to Table 
5.2-1 and the reference to Revision 2 of the Curtiss-Wright report.  
 
The flywheel analysis, Curtiss-Wright Electro-Mechanical Corporation Report 
AP1000 RCP-06-009-P, Revision 2, issued July 2009, demonstrates that the calculated 
stresses during both normal operating conditions and design conditions are less than the 
applicable stress limits.  In addition, missile penetration calculations show that in the unlikely 
event of a flywheel fracture, the flywheel assembly components will not have sufficient energy to 
penetrate the pump pressure boundary structures.  Therefore, the NRC staff finds the structural 
analysis for the bimetallic flywheel with heavy tungsten alloy inserts acceptable because the 
missile penetration calculations show that if the flywheel fractures, the flywheel assembly 
components will not have sufficient energy to penetrate the pump pressure boundary structures; 
therefore, the design meets the requirements of GDC 4.  The NRC staff had approved the 
previous AP1000 canned motor design with a depleted uranium flywheel assembly, which also 
relies on the pump casing to confine the flywheel if the flywheel fractures.  The missile 
penetration calculations for both material designs used similar methodologies. 
 
5.4.1.4.3 Conclusion 
 
Based on the above evaluation, and upon verification of CI-SRP5.4.1-CIB1-01 and 
CI-SRP5.4.1-CIB1-02, the staff finds that the material specifications used and the pre-service 
inspections provide reasonable assurance of the flywheel integrity, and that the Curtiss-Wright 
Electro-Mechanical Corporation Report AP1000 RCP-06-009 demonstrates that if the flywheel 
assembly fails, the flywheel components will not penetrate the pump pressure boundary 
structures.  Therefore, the staff finds the RCP flywheels acceptable since they meet the 
requirements of GDC 1, GDC 4, and the ASME Code, Section III.   
 
The NRC staff reviewed the changes in Section 5.4.1.3.6.3 of Revision 17 to the AP1000 DCD 
and finds that the AP1000 DCD adequately incorporates the proposed changes, as identified in 
TR-34 and the RAI response.  Accordingly, these changes are generic and are expected to be 
used by all COLAs referencing the AP1000 certified design.  At this time, the NRC has not 
issued a COL for any AP1000 plant.  Thus, upon verification  of CI-SRP5.4.1-CIB1-01 and CI-
SRP5.4.1-CIB1-02, the proposed changes contribute to the increased standardization of the 
certification information in the AP1000 DCD and are acceptable. 
 
5.4.1.5 Other Changes 
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In Revision 17 to the DCD, Westinghouse also proposed to change the following RCP design 
parameters in Table 5.4-1:  (1) maximum continuous CCW inlet temperature, (2) motor/pump 
rotor minimum required moment of inertia, and (3) RCP estimated unit overall height and 
weight. 
 
The applicant revised DCD Table 5.4-1 by adding Note 1, associated with the maximum 
continuous CCW inlet temperature of 95 degrees F, stating that an elevated CCW supply 
temperature of up to 110 degrees F may occur for up to 6 hours.  In response to staff 
RAI-SRP5.4.1-SRSB-02, Westinghouse explained that it intended Note 1 to clarify that although 
the design temperature of the CCW system cooling water to the RCP is 95 degrees F, transient 
conditions during normal plant cooldown or extreme climate events may occur during which the 
CCW system temperature may exceed 95 degrees F (but no more than 110 degrees F) for a 
short time.  The staff concludes that the addition of Note 1 is acceptable. 
 
In DCD Table 5.4-1, the applicant changed the motor/pump rotor minimum required moment of 
inertia from 16,500 pounds per square foot to the phrase “Sufficient to provide flow coastdown 
as given in Figure 15.3.2-1.”  Westinghouse had previously proposed a similar change to the 
acceptance criterion of the RCP rotating inertia in DCD Tier 1, Table 2.1.2-4, “Inspections, 
Tests, Analyses, and Acceptance Criteria,” to a specific pump coastdown curve specified in 
DCD Tier 1, Figure 2.1.2-2, “Flow Transient for Four Cold Legs in Operation, Four Pumps 
Coasting Down,” which is consistent with DCD Tier 2, Figure 15.3.2-1.  Westinghouse proposed 
this change because the specified pump rotating inertia does not guarantee that the flows 
produced during pump coastdown will satisfy the analyses in the absence of information on 
pump resistance.  The staff had found this change to be acceptable, as described in 
Supplement 1 to NUREG-1793.  Therefore, the proposed change to Table 5.4-1 regarding 
pump rotor minimum required moment of inertia is made to be consistent with the four-pump 
coastdown curve in DCD Figure 15.3.2-1, which is used in the safety analysis of the design-
basis transient of a complete loss of reactor coolant flow described in DCD Section 15.3.2; 
therefore, it is acceptable.  
 
In Table 5.4-1, Westinghouse changed the RCP estimated unit overall height from 21 feet, 
11.5 inches to 22 feet, and it changed the total estimated weight of the motor and casing from 
184,500 pounds to 200,000 pounds.  These changes reflect the changes in the pump casing 
discharge nozzle and the use of the bimetallic flywheel design. 
 
In DCD Section 5.4.1.2.1, the applicant changed the RCP vibration monitoring system 
instrumentation from three-axis monitoring to five vibration monitors.  In TR-34, Westinghouse 
stated that the instrumentation of the RCP is modified from the preliminary design to provide a 
more robust monitoring and diagnostic capability of the RCP.  These changes include the 
addition of keyphasors to aid in diagnostics in the event of high-vibration indications, and the 
addition of more vibration monitors to supply measurements in two planes at two different axial 
locations for diagnostic purposes.  The staff concludes that these RCP instrumentation changes 
provide a more robust monitoring and diagnostic capability of the RCP without affecting RCP 
performance; therefore, they are acceptable.   
 
In Revision 17 of DCD, Westinghouse updated Section 5.4.1.3.6.1 to specify the minimum 
damped natural frequency of the RCP rotating assembly as greater than 120 percent of the 
normal operating speed.  The staff reviewed the various factors that were considered in 
determining the damped natural frequency of the RCPs.  There is considerable energy 
dissipation from the effects of bearing films, can or winding annular fluid interaction, motor 
magnetic phenomena, and pump structure.  The determination of the damped natural frequency 
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of the RCP rotor bearing system model considered these effects on the damped natural 
frequency.  The high degree of damping as a result of energy dissipation ensures a stable and 
smooth operation of the pump over a sufficiently wide range of pump operating speeds.  The 
pumps have been analyzed for the response of the rotor and stator to external forcing functions. 
The analysis considered the support and connection of the pump to the steam generator and 
piping.  The applicant evaluated the responses using criteria that included critical loads, stress 
deformation, and wear and displacement limits to establish the actual system critical speeds.  
The staff finds the evaluation criteria for determining the RCP damped natural frequency and 
critical speeds to be reasonable and acceptable.  The staff also finds that there is high energy 
dissipation because of the various damping factors, which would ensure stable and smooth 
pump operation. 
 
5.4.1.6 Conclusions 
 
The staff has reviewed DCD Revision 17 regarding the proposed changes to the RCP design.  
Based on the evaluation described above and pending the resolution of OI-SRP5.4.1-SRSB-01, 
the staff concludes that the AP1000 RCP design as described in DCD Revision 17 meets the 
requirement in GDC 10, “Reactor Design,”; therefore, it is acceptable.  Upon verification of 
CI-SRP5.4.1-CIB1-01 and CI-SRP5.4.1-CIB1-02, the staff finds that the material specifications 
used and the preservice inspections provide reasonable assurance of the flywheel integrity, and 
that the Curtiss-Wright report demonstrates that, if the flywheel assembly fails, the flywheel 
components will not penetrate the pump pressure boundary structures.  Therefore, the revisions 
proposed by Westinghouse to the AP1000 DCD, Section 5.4.1, meet the requirements of GDC 
1 and 4 and ASME Code, Section III and are acceptable.   
 
5.4.2 Steam Generators 

5.4.2.1 Steam Generator Design 

5.4.2.1.1 Summary of Technical Information 

 
In Revision 17 to the AP1000 DCD, Westinghouse proposed changes to its steam generator 
design.  By letter dated November 29, 2006, Westinghouse submitted for staff review TR-35, 
Revision 0, “AP1000 Steam Generator Description Changes” (APP-GW-GLN-010), which 
provides the technical justification for the proposed steam generator design changes.  Additional 
information regarding TR-35 appears in letters dated June 7, 2007, and September 7, 2007.  
The proposed design changes are described below. 
 
Antivibration Bar 
 
The original design of the antivibration bar is described in DCD Section 5.4.2.4.2 and detailed in 
DCD Figure 5.4-2.  In Revision 17, Westinghouse revised the description by removing the words 
“wide strips of” from Section 5.4.2.4.2 and reconfiguring Figure 5.4-2 to show a general 
antivibration bar design. 
 
Tube Expansion 
 
DCD Sections 5.4.2.2, 5.4.2.4.1, and 5.4.2.4.2 describe the tube expansion process as a 
hydraulic expansion through the full depth of the tubesheet.  The intent remains to achieve full 
depth expansion; however, the requirement to hydraulically expand through the full depth limits 
the manufacturing processes available for this expansion.  In Revision 16, Westinghouse 
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removed the reference to hydraulic expansion from DCD Sections 5.4.2.2, 5.4.2.4.1, and 
5.4.2.4.2. 
 
Primary Separator Design 
 
The original design of the moisture separators is described as a 19.1-centimeter (7.5-inch) 
separator arrangement.  Westinghouse determined that this design could not achieve the 
industry standard upper bound limit for moisture carryover (0.1 percent) and therefore changed 
the design to a 50.8-centimeter (20-inch) separator arrangement.  In Revision 17, Westinghouse 
revised Figure 5.4-2 to illustrate its typical 50.8-centimeter (20-inch) separator arrangement.   
 
Primary Separator Material 
 
DCD Section 5.4.2.4.1 states, “Nickel-chromium-iron alloy in various forms is used for parts 
where high velocities could otherwise lead to erosion/corrosion.  These include the nozzles on 
the feedwater ring, startup feedwater sparger, and some primary separator parts.”  In 
Revision 16 to the DCD, Westinghouse removed the phrase “and some primary separator 
parts.” 
 
Startup Feedwater Elevation 
 
DCD Section 5.4.2.2 describes the startup feedwater nozzle elevation as being “just below” the 
main feedwater nozzle.  In Revision 17 to the DCD, Westinghouse revised this to state that the 
startup feedwater nozzle elevation is the same as the main feedwater nozzle elevation.  
 
Table 5.2-1 Correction 
 
DCD Section 5.4.2.4.1 contains the table for the list of materials and is called “Table 5.2.3-1.”  In 
Revision 16 to the DCD, Westinghouse revised the table number to “Table 5.2-1.” 
 
Tube Location Identification 
 
DCD Section 5.4.2.5 describes the number of tubes being scribed as “large.”  However, the 
space between the tubes and welds is not sufficient to allow for scribing a large fraction of the 
tubes.  In Revision 17 to the DCD, Westinghouse removed the word “large” from 
Section 5.4.2.5. 
 
5.4.2.1.2 Evaluation 
 
GDC 32, “Inspection of Reactor Coolant Pressure Boundary,” requires, in part, that the designs 
of all components that are part of the reactor coolant pressure boundary permit periodic 
inspection and testing of critical areas and features to assess their structural and leak-tight 
integrity.  The staff reviewed changes to this section as related to the proposed steam generator 
design changes. 
 
In TR-35, Westinghouse proposed design changes to its steam generators.  Specifically, 
Westinghouse made minor description changes to the following:  antivibration bars, tube 
expansion process, primary separator design, primary separator material, startup feedwater 
elevation, and tube location identification.  The staff finds that these proposed changes meet the 
requirements of GDC 32 and are acceptable because they are consistent with current industry 
designs and practices and do not present a challenge to the integrity of the steam generator.  
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Some of the changes were necessary to correct erroneous statements and inaccurate 
descriptions. 
 
The NRC staff reviewed the proposed changes as they relate to Revision 17 to the AP1000 
DCD.  The proposed changes establish the proposed design as the single, standard design for 
all AP1000 plants.  These DCD changes are generic and are expected for all COLAs 
referencing the AP1000 certified design.  At this time, the NRC has not issued a COL for any 
AP1000 plant.  Thus, the proposed changes incorporated into Revision 17 contribute to the 
increased standardization of the certification information in the AP1000 DCD. 
 
5.4.2.1.3 Conclusions 
 
Based on the above evaluation, the staff concludes that the steam generator design changes 
meet GDC 32 and are acceptable because they are consistent with current industry designs and 
practices and do not present a challenge to the integrity of the steam generator.  Furthermore, 
the staff finds that the conclusions regarding the proposed steam generator design changes are 
expected to apply to all COLAs referencing the AP1000 DC.  Therefore, the proposed DCD 
changes are acceptable pursuant to 10 CFR 52.63(a)(1)(vii) on the basis that they contribute to 
the increased standardization of the certification information. 
 
5.4.2.2 Steam Generator Inservice Inspection 
 
5.4.2.2.1  Summary of Technical Information 
 
In Revision 17 to the AP1000 DCD, proposed changes to the AP1000 generic TS related to 
adopting Technical Specification Task Force Traveler TSTF-449, “Steam Generator Tube 
Integrity” Revision 4 of May 6, 2005,  The current Westinghouse Owners Group Standard 
Technical Specifications (STS), NUREG-1431, “Standard Technical Specifications 
Westinghouse Plants,” Revision 3.1, dated December 1, 2005, incorporates TSTF-449.  These 
changes also relate to COL Information Item 5.4-1 identified in DCD Section 5.4.15.  
Implementation of TSTF-449 includes the following TS changes: 
 
• clarification to the definition of identified leakage 
 
• changes to TS 3.4.7, “Reactor Coolant System Operational Leakage,” which modifies 

two condition statements and the two associated surveillance requirements 
 
• addition of new TS 3.4.18, “Steam Generator (SG) Tube Integrity” 
 
• modification of TS 5.5.4, which is renamed, “Steam Generator (SG) Program” 
 
• modification of TS 5.6.8, “Steam Generator Tube Inspection Report” 
 
• associated changes to the TS bases 
 
5.4.2.2.2 Evaluation 
 
GDC 32 requires, in part, that components that are part of the reactor coolant pressure 
boundary shall be designed to permit periodic inspection and testing of important areas and 
features to assess their structural and leaktight integrity.  The staff evaluated the applicant’s 
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proposed changes to the AP1000 generic TS as they relate to adopting TSTF-449 to ensure 
consistency with the latest revision of the STS using the acceptance criteria in SRP 
Section 5.4.2.2, “Steam Generator (SG) Program.”  In addition, 10 CFR 50.55a(b)(2)(iii) states 
that if the TS include steam generator surveillance requirements that are different than those in 
Article IWB-2000 of ASME Code, Section XI, then the steam generator tube inspection 
requirements are governed by the TS. 
 
Accordingly, the staff compared the proposed changes to the corresponding language in the 
STS (NUREG-1431, Revision 3.1).  The staff determined that the changes are consistent with 
the approved STS and are appropriate to leakage and steam generator tube integrity 
requirements as they apply to the AP1000 standard plant design.  Therefore, they are 
acceptable.  With respect to tube integrity considerations, the Model Delta-125 steam generator 
planned for the AP1000 closely resembles the Model Delta-75 steam generators installed as 
replacements at some operating plants.  The staff also confirmed that Revision 17 to the DCD 
retains Section 5.4.15, which requires COL applicants to address steam generator tube integrity 
with a steam generator tube surveillance program and periodic monitoring of degradation of 
steam generator internals.  .   
 
5.4.2.2.3 Conclusions 
 
Based on the evaluation above, the staff concludes that the changes proposed to the AP1000 
TS for steam generator tube integrity are acceptable and meet the requirements of GDC 32.  
This conclusion is based on the consistency of the steam generator tube integrity program with 
the STS for Westinghouse domestic PWRs.  Furthermore, the staff finds that the conclusions 
regarding the changes to the TS for steam generator tube integrity will apply to all COLAs 
referencing the AP1000 DC.  Therefore, the proposed DCD changes are acceptable pursuant to 
10 CFR 52.63(a)(1)(vii) on the basis that they contribute to the increased standardization of the 
certification information. 
 
5.4.4 Main Steam Line Flow Restriction 
 
5.4.4.1 Summary of Technical Information 
 
In Revision 17 of DCD Section 5.4.4, two changes are made regarding the main steam line flow 
restrictor.   
 

• In Subsection 5.4.4.2, the material for the steam generator flow restrictor venturi inserts 
is changed from nickel-chromium-iron Alloy 600 (ASME 163) to nickel-chromium-iron 
Alloy 690.  

 
• In Subsection 5.4.4.3, the pressure drop of the flow restrictor at 100 percent steam flow 

is changed from approximately 8.0 psi to 15 psi.   
 
5.4.4.2 Evaluation 
 
For Subsection 5.4.4.2, since Alloy 690 is used in the AP1000 steam generator design, the 
change of the flow restrictor venturi insert material from Alloy 600 to Alloy 690 is consistent with 
the steam generator design and is acceptable.   
 
For Subsection 5.4.4.3, the pressure drop change is based on the design analysis and is 
acceptable.   



 

 
5-39 

 
5.4.4.3 Conclusion 
 
The staff has reviewed Revision 17 of DCD 5.4.4.  Based on the above evaluation, the staff 
concludes that the changes in Revision 17 are acceptable. 
 
5.4.5 Pressurizer 
 
Section 5.4.5 of DCD Revision 17 refers to TR-36, “AP1000 Pressurizer Design” APP-GW-GLR-
016 of May 2006.  In TR-36, Westinghouse summarizes the design changes for the AP1000 
pressurizer to accommodate the available space as a result of piping analysis.  The pressurizer 
design changes preserve the same total internal volume of 2100 cubic feet, while reducing the 
vessel height from 607 inches to 503 inches and increasing the vessel diameter from 90 to 
100 inches.  Though Revision 17 of DCD Table 5.1-2 reflects the dimensional change, 
Section 5.4.5 does not, because the total pressurizer volume did not change.  However, 
Revision 17 of DCD Section 15.0 did change, because the changes to the pressurizer vessel 
cross-section area and vessel height affect the pressurizer water level and setpoints of several 
functions of the reactor protection system and engineered safety feature actuation systems.  
Chapter 15 of this FSER addresses the effects on the transient and accident analyses. 
 
5.4.7 Normal Residual Heat Removal System 
 
5.4.7.1 Summary of Technical Information 
 
The AP1000 RNS is a nonsafety-related system and is not required to operate to mitigate 
design-basis events.  The primary functions of the RNS include the following:  (1) remove decay 
heat and sensible heat from the core and the reactor coolant system, (2) provide LTOP, 
(3) provide a flow path for long-term, post accident makeup to the containment inventory, and 
(4) provide reactor coolant system and refueling cavity flow to the chemical and volume control 
system for purification. 
 
In Revision 17 to the DCD, Westinghouse proposed the following changes related to the RNS 
design:   
 

• Revise the method of flow control through the RNS heat exchangers (HX) to improve 
the cooldown rate control. 

 
• Provide auto close to V029, RNS motor-operated flow control valve to CVS, on high 

temperature to prevent potential damage to CVS demineralizer resin.  
 

• Resize the RNS suction line relief valve to reduce valve instability. 
 

• Increase ambient wet bulb temperature to 86.1 degrees F with zero percent exceedance 
to facilitate consideration of other potential nuclear plant sites.  

 
• Relocate the RCS hot leg RTDs to provide required Post Accident Monitoring data to 

upstream of the heat exchangers to indicate the reactor coolant system hot-leg 
temperature when in reduced inventory conditions.  
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• Revise the RNS long term makeup flow path to provide a simplified flow path for 
containment makeup through the manual containment isolation test connection valve in 
the discharge of the RNS.  

 
• Revise Figure 5.4-7 to reflect containment penetration valve and piping changes.  

 
5.4.7.2 Evaluation 
 
The staff reviewed the changes to DCD Section 5.4.7 in accordance with SRP Section 5.4.7, 
“Residual Heat Removal (RHR) System.”  The changes are acceptable if the system continues 
to satisfy the relevant requirements in SRP Section 5.4.7.  
 
In Revision 17, Subsection 5.4.7.4.2, “Plant Cooldown,” an editorial change provides a 
description of the method used to control the cooldown rate as stated:  “The cooldown rate is 
controlled by throttling the flow through the heat exchanger based on reactor coolant 
temperature.”  Flow through the RNS heat exchangers will be controlled with the HX discharge 
valves, V006A(B).  This is accomplished by switching the control signals on valves V008A(B) 
with those on valves V006A(B).  The NRC staff agrees that this method of control will reduce 
the probability of an operator error during a plant cooldown condition because this is the 
standard method of controlling cooldown rate.  Also, this revision is pictorially reflected on 
Figure 5.4-7 of the control signals to the valves.  The NRC staff finds this change acceptable 
because it has the potential to improve operator performance by reducing the potential for 
operator error. 
 
An additional revision to Figure 5.4-7 included a modification to V029, RNS motor-operated 
control valve downstream of the RNS heat exchangers (HX) connecting to the CVS.  This 
change will allow the valve to auto close on high temperature. The reason for this change is to 
prevent high temperature fluid from passing through the demineralizers with the potential of 
damaging the resin.  The resin in the CVS demineralizers can be damaged if the temperature 
through the demineralizers exceeds 140 degrees F for extended periods of time. The NRC staff 
finds this change acceptable because the change improves the reliability of the CVS system by 
reducing the potential damage to the resin. 
 
In another revision to Figure 5.4-7, the RNS suction line relief valve is resized from a 4” inlet and 
a 6” outlet to a 3” inlet and a 4” outlet. RNS suction line relief valve resizing is implemented to 
reduce valve instability caused by the valve being fluid starved, which has the potential to cause 
valve chattering.  The RNS relief valve is sized to mitigate primary overpressure events at low 
temperature conditions due to a heat injection and/or mass injection transient where the 
mismatch flow rate is no higher than 177 gpm.  The staff finds this change acceptable because 
it improves the reliability of the valve by reducing potential damage to the valve due to 
unnecessary valve chatter. 
 
In Revision 17, Westinghouse modified DCD Section 5.4.7.1.2.1 to state that the CCW system 
supply temperature to the RNS heat exchangers is based on the maximum normal ambient wet 
bulb temperature as defined in Chapter 2, Table 2-1.  The maximum normal ambient 
temperature is assumed for shutdown cooling.  DCD Section 5.4.7.1.2.3 revises the maximum 
ambient design wet bulb temperature from 27.22 degrees C (81 degrees F) to 30.06 degrees C 
(86.1 degrees F) to facilitate consideration of other potential nuclear plant sites.  The applicant 
has stated that the evaluation indicates there is sufficient margin in the systems design for the 
RNS, CCW system, and service water system to maintain the same criteria and design basis 
with the increased ambient wet bulb temperature.  In RAI-SRP5.4.7-SRSB-01, the staff 
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requested that the applicant provide the results of the evaluation that demonstrate the RNS 
maintains sufficient margin.  In its July 17, 2008, response, Westinghouse stated that “cooling 
the IRWST with the RNS, CCS, and SWS is not required to ensure that the plant can be 
maintained in a long-term safe condition.”  Therefore, under these circumstances, the staff 
agrees that the RNS, CCW system, and service water system designs would maintain sufficient 
margin with the revised higher ambient wet bulb temperature.  The staff concludes that the 
proposed changes are acceptable because the analysis demonstrates that the RNS system can 
perform its intended function for normal operating conditions and is not required during 
transients since the RNS is not considered a safety related system, i.e., no operational credit is 
assigned in Chapter 15 Accident Analysis.  
 
In Revision 17, Section 5.4.7.2.1 is revised to clarify the temperature instrumentation employed 
to monitor the RCS hot leg for RNS operation during different RCS level conditions.  For normal 
RCS inventory conditions, the RCS hot-leg wide-range temperature instruments are monitored; 
whereas, during reduced RCS inventory conditions, the RNS temperature instruments located 
upstream of the heat exchangers are monitored for the RCS hot-leg temperature.  The staff 
finds that the revision is an editorial clarification with no impact on the RNS functionality.  
Therefore, the staff concludes the revision is acceptable. 
 
Safety-related makeup water can be provided through the RNS for long-term post accident 
containment makeup.  Revision 17 changes DCD Section 5.4.7.5 to state that this makeup is 
provided through the manual containment isolation test connection valve in the discharge of the 
RNS.  This change simplifies the long-term makeup flow path setup by eliminating a component 
in the flow path, improves the RNS long-term makeup flow method, and has no impact on the 
functionality of the RNS.  Therefore, the staff concludes that the change is acceptable. 
 
In Tier 1, Table 2.3.6-1, the applicant deleted RNS heat exchangers A and B channel head 
drain valves RNS-PL-V046A & B and added RNS discharge containment isolation test 
connection RNS-PL-V012 to reflect the new RNS long-term makeup flow path to provide 
containment makeup.  It also revised Figure 2.3.6-1 to reflect this change to the long-term 
makeup flow path configuration. 
 
5.4.7.3 Conclusions 
 
The staff reviewed Revision 17 to DCD Section 5.4.7 and concludes that the proposed changes 
improve overall system performance with the potential for improved operator performance 
without having a significant effect on the RNS design basis or RNS interfacing systems and 
meet the relevant acceptance criteria of SRP 5.4.7.  
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